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. Adilt Mumeracy Téaching

information: forpresenters,”

Welcome to presenters

Welcome to Adult Numeracy Teaching: making meaning in mathematics.

Adult Numeracy Teaching is an initiative of the National Staff Development Committee for
Vocational Education and Training. It is an 84 hour professional development course designed
to train and support teachers of adult numeracy and mathematics in Adult Literacy and Basic
Education.

We hope that presentess will enjoy using the package. Because there has been little comparable
material written in this field we have prepared this course in what may appear excessive detail in
order to support presenters who feel they are inexperienced. You may want to present the
package as it stands, but please feel free to adapt and add to the material so that it suits your
needs.

The course was initially called Adult Numeracy Teaching, mainly to parailel the name Adult
Literacy Teaching, with the intention of finding a more suitable name further down the track.
However the course became affectionately called ‘ANT’ and the name stuck. Its official title
became: Adult Numeracy Teaching: making meaning in mathematics.

When we started the project, 84 hours seemed an overgenerous estimate of the time we would
need. However, we are now only too aware of areas we have skated over or even omitted.

We see this program as a major step in what hopefully will be an evolving process of
professional development in adult numeracy. Adult Numeracy Teaching is intended to be a
continuation and further development of existing professional development packages, such as
Breaking the Maths Barrier (Marr & Helme 1991) and three NSDC programs: Numeracy and
How We Learn (Thiering & Barbaro 1992), Induction Program (1993) and Inservice Program
Modules 1 to 6(1993/1995); leading in turn to postgraduate study. Adult Numeracy Teaching is
therefore targeted at experienced adult literacy, language and numeracy teachers, and we would
recommend that inexperienced teachers and tutors be trained first through the above packages
before 1 articipating in Adult Numeracy Teaching.

The primary purpose of Adult Numeracy Teaching is to blend theory and practice about

teaching and learning adult numeracy within a context of doing and investigating some
mathematics, whilst developing a critical appreciation of the place of mathematics in society.

Dave Tout and Betty Johnston

© NSDC/Commonwealih of Australia 1995




Developing the course

In 1993 the National Adult Literacy and Basic Education Professional Development Reference
Committee identified a project, Teaching Mathematics in Adult Literacy and Basic Education, as
having high priority. The project to develop the Adult Numeracy Teaching course was awarded
jointly to the Cenize for Language and Literacy at the University of Technology, Sydney (UTS)
and the Adult Basic Education Resource and Information Service (ARIS) at the Victorian Office
of the National L.2aguages and Literacy Institute of Australia (NLLIA). The project team was
supported by several experienced adult numeracy teachers and trainers from NSW and Victoria.

For further background information see Curriculum, item 2, ‘Course Development’.

Initially, there was interstate consultation; a survey was undertaken with state and territory
personnel to help identify needs, and a literature search was completed. NSW and Victorian
adult numeracy teachers were then employed as consultants. The project team endorsed and
refined a model for the course content by early 1994, and considered in detail the aims and
learning outcomes, and the content issues and areas. The consultants developed the outline of
the materials as a cooperative group rather than by working individually and in isolation. Over
subsequent months as the detailed writing continued the National Reference Panel members
were kept in touch and the course was piloted in two states, NSW and Victoria, in 1994 and
1995. A Train-the-Trainers program was held in early 1995 for representatives from all states
and territories.

For further information on the project team see Acknowledgments, page iv.




Coentent and structure

The question the team began with was:

What should numeracy tecichers know and be able to do after this course?
The following answer was agreed to after some discussion.

After this course a teacher

1 should have a critical appreciation of the place of mathematics in scciety and

2 should be able to initiate appropriate learning activities by identifying the numeracy needs
of students and responding from a variety of approaches to teaching and a range of
appropriate mathematical resources and knowledge.

The two parts of the answer became the two overall aims of the course. For further information
on course outcomes and learning outcomes of each module see Curriculum, page 1.

The model of the course structure which was developed consists of three strands:

. two social and pedagogical strands
- knowing about numeracy and
-~ learning (and teaching) numeracy

. one central strand interwoven with the other two: doing mathematics.
The writers also tried to keep in mind:

° the need for the course to act as a model of good practice with particular emphasis on
linking theory and praciice
the need to face squarely the fact that to teach numeracy you must know how to do
mathematics, o that almost every session must include mathematical activities

the need to build on and make full use of good existing materials, €.g. Breaking the
Mathematics Barrier, Numeracy and How We Learn and Reclaiming Mathematics.

Using the above model as the basis for the course, we established what the content of the
course should be. Draft materials were trialled in both Victoria and NSW. After feedback and
evaluations were received, we reorganised the course into its present format and content.

The logic behind the flow and structure of the final cousse is outlined below.

. The theoretical position developed during the course (and named explicitly in the last
section) will elicit from the participants, through experience and discussion, a
developmental comparison of a iransmission type pedagogy, through to a more
constructivist approach which incorporates a critical stance—presenting a widening range
of alternative approaches.

The development throughout the course is based on the assumption that the ALBE
students of the participants have usually failed in a transmission-type mathematics
education and need alternative teaching approaches.

Most of the issues dealt with will emerge from engagement with specific mathematics.

11
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Course structure

module

issues & investigations

Module A:
Exploring
practice

: YOU AND MUMERACY
introductions and maths autobiographies
issues in numeracy

: UNLEARNING ABOUT MATHS
unlearning maths: a case study
maths abuse and anxiety

: WHY THEORY?
— why theory? do we need theories

CURRICULUM PROJECT 1 - Making meaning, Part 1

A4: MAKING MEANING V'ITH SYMBOLS
— algebra activities

CURRICULUM PROJECT 1 - Making meaning, Part 2

A5: MAKING MEANING FROM COUNTING
SYSTEMS

CURRICULUM PROJECT 1 - Making meaning, Part 3
~ why count? and how?
— operating ‘our’ number system: a beginning

A6: STRATEGIES FOR MAKING MEANING
— operating the number system: a continuation
— language as a tool
- constructing meaning in practice: a review

Module B:
Maths as a
human
construction

: SHAPING THE WORLD
shaping our world
filling space
the patchwork connection
mostly Pythagoras

: CIRCLES AND CULTURE
problem solving stations
investigating pi

: PROBLEM SOLVING
problem solving—problem posing
effects of scale and shape

: MODELLING OUR WORLD
measuring the coastline/fractals
maps and models
mindmaps: a review

B5: CURRICULUM PROJECT 2: Exploring maths




'l nfor M atl 'O_:J-fi‘.ig r pr asent

Module C: C1: BEING CRITICAL ABOUT MATHS 3
Mathematics as — being critical about number
a critical tool - reflecting on and negotiating your learning

C2: BEING CRITICAL ABCUT LEARNING 3
- looking at learners
— street maths, school maths

C3: A NEGOTIATED INTERVAL 3
— achoice of topics

C4: MATHS MYTHS AND REALITIES 3
- why learn maths? why be numerate?
— curriculum planning and meeting student needs

C5: EXCAVATING MATHS 6
— who learns? who benefits? a maths excavation
— resourcing numeracy
— critical literacy, critical numeracy
— excavating mathematics

C6: CURRICULUM PROJECT 3: Developing a 9
critical view
27 h

Module D: D1: AND SO TO THEORY 3
Naming — naming the theories
theories: — for example: technology
implications
for practice D2: IMPLICATIONS FOR TEACHING 3
— case studies: constructivist and critical
— alesson on measurement

S N T I S

D3: IMPLICATIONS FOR ASSESSMENT 3
— assessment alternatives

CURRICULUM PROJECT 4 - Assessment tool, Part 1

D4: THEORY AND PRACTICE: CLOSING THE
] GAP

CURRICULUM PROIECT 4 — Assessment tool, Part 2
— theory into practice 3

D5: AND SO WHAT IS NUMERACY?
— the chance of numeracy
— towards numeracy 15 h

TOTAL:| 84 h

p Xi ' © NSDC/Commonwealth of Australia 1995




0 Outline of module content

Module A: Exploring practice
introduces issues and flags the need for theories

- journeys through a number of crucial mathematical areas including place value, basic
operations and algebra

- raises issues of: meaning making, language, mathematics in practice and mathematics in
cultural contexts.

Module B: Mathematics as a human construction

-  focuses on learning some mathematics, largely to do with space and shape, within an
interactive/constructivist environment

-~ reflects upon this learning experience in the journal

~  1o0Oks at the role of teacher in all this: how have we been taught, how do we teach, how
do we want to teach?

- makes cultural and historical connections

- concludes with a substantial mathematical investigation by participants.

Module C: Mathematics as a critical tool
g ~  involves learning some more mathematics, including statistical and other everyday
applications, within a critical framework
-  looks at issues of access, needs assessment and negotiation
-~ reflects upon this learning experience in the journal
- concludes with participants doing a substantial project excavating mathematics from
everyday sources and developing appropriate teaching or curriculum materials.

Module D: Naming theories: implications for practice
- puils out from previous discussion the three theories of transmission, constructivism, and
critical constructivism

- applies these theories to teaching, planning a curriculum and assessment >
- and comes to the conclusion that:

numeracy is not less than mathematics, but more.

The members of the project team therefore hope that participants will be able to help their
students move from:

Q numeracy as ‘doing basic mathematics’
numeracy as ‘being at home with mathematics’

numeracy as ‘critical mathematics’.

"© NSDC/Commonwealth of Australia 1995 p xii




Adult Numeracy Teaching: the course document

Curriculum

The curriculum for Adult Numeracy Teaching has been written to conform with ACTRAC
1994, User's Guide to Course Design for Competency-Based Curriculum (2nd edition).
See the Curriculum for the following details:
—  Qualifications of presenters
—  Entry requirements for participants
—  Delivery of the course

- —  Assessment

l Modules A, B, Cand D

Each module includes all that is needed for delivering the course and is set out in two parts:
. Presenter’s notes: an outline of the module and program notes for each session
B o Resources: handouts, overhead transparencies, activity sheets, and background readings. @

Curriculum Projects and Numeracy Journal

This section gives details of the four Curriculum Projects and the Numeracy Journal entry
requirements that make up the assessment tasks for the course.

General information

. Handouts, overhead transparencies, activity sheets and readings
: In the Resources sections there are headers, icons and abbreviations to help you identify
— how each item is to be used.

P = participanis’ materials for them to read in advance
OHT = overhead projector transparencies
HO = handouts for participants to use in the session and retain
= AS = activity sheets to be used during sessions and returned to the presenter
Examples:
Talking about maths anxiety % HO4
My experiences of maths OHT1 Q
- Knowing and believing is seeing P4
B At home with algebra % ASS

. Course timetable
For the first session prepare a timetable of dates and times for the course. It could be
distributed before the course begins or given out at the first meeting.

. Folders
Prepare a set of ring binders for the Group. A large amount of material is collected
throughout the course and it is recommended that you provide a thick ring binder for each
participant. Include in it copies of any advance readings, course outline, timetables, etc.

. Readings
Many readings have been included in the course materials themselves, but these are often
abbreviated excerpts, and most of the lunger readings are not provided. The full readings
which are listed with an identifier P should be collected, photocopied and posted or

distributed to the participants in time for them to be read before they are referred to in the
relevant session.

© NST)CICBmmonwealth of Australia 1995
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Resources and references

A range of resources is essential for the delivery of Adult Numeracy Teaching. The details of
any resources or readings needed are listed in the presenter’s notes for each session. However,
there are a number of resousces that should be collected if possible before the course begins,
especially as some of them may e difficult to acquire. They will be used at different stages
before and during the course.

Numeracy in Focus

Numeracy in Focus was specifically written to support the delivery of Adult Numeracy
Teaching. It contains a number of readings used through the course. A copy for the
presenter/coordinator is essential. It is also advisable to ask participants of ANT to purchase a
copy, or otherwise make sure they have ready access 10 a copy. Numeracy in Focus is available
through either ALIO or ARTS (addresses on next page).

Reclaiming Muthematics
Reclaiming Mathematics by Betty Johnston (1992) is another essential resource for the
presenter/coordinator to have. It includes many readings used throughout the course.

Essential hands-on materials

There are also particular hands-on materials needed for activities throughout the course.
-  MAB base 10 blocks — asetof calculators

—  Cuisenaire rods —  string and scissors

—  rulers —  counters

—  hinged mirrors (see Section B1) —  Centicubes

—  Straws —  grid and/or graph paper

Recommended readings for presenters

The following is a list of essential books and journals for the presenter. They will, as well, be

useful references for the course participants.

Ascheé M. 1991, Ethnomathematics: a multicultural view of mathematical ideas, Brooks/Cole,

alifornia.

Davis, R., Maher, C. & Noddings, N. (eds) 1990, ‘Constructivist views on teaching and
learning mathematics’, Journal for Research in Mathematics Education, Monograph No.
4, NCTM, Reston, VA.

*Duckworth, E. 1987, “Teaching as research’, in E. Duckworth, The Having of Wonderful
Ideas and Other Essays on Teaching and Learning, Teachers College Press, New York.

Frankenstein, M. 1989, Relearning Mathematics: a different third R—radical maths, Free
Association Books, London.

Harris, M. (ed.) 1991, Schools, Mathematics and Work, The Falmer Press, Basingstoke,
Hampshire.

Hogben, L. 1936, Mathematics for the Million, George Allen & Unwin, London.

Johnston, B. (ed.) 1992, Reclaiming Mathematics, UTS, Sydney. !

Joseph, G.G. 1991, The Crest of the Peacock: non-European roots of mathematics, Tauris,
London.

Leder, G. (ed.) 1992, Assessment and Learning of Mathematics, ACER, Melbourne.

Maione, P. & Taylor, P. (eds) 1993, Constructivist Interpretations of Teaching and Learning
Mathematics, National Key Centre for School Science and Mathematics, Curtin
University of Technology, Perth.

1 Available from School of Adult Education, University of Technology, Sydney, PO Box 123, Broadway NSW
2007. Fax: 02 3303939
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Marr, B. & Helme, S. 1991, Breaking the Maths Barrier: a kit for building staff development
skills in adult numeracy, DEET, Canberra. 2

Nelson, D., Joseph, G.G. & Williams, J. 1993, Multicultural Mathematics: teaching
mathematics from a global perspective, Oxford University Press, Oxford.

Numeracy in Focus, No. 1, 1995, joint production of ALIO & ARIS.

Nunes, T., Schliemann A. & Carraher, D. 1993, Streer Mathematics and School Mathematics,
Cambridge University Press, Cambridge.

Shan, Sharan-Jeet & Bailey, Peter 1991, Muitiple Factors: classroom mashematics for equality
and justice, Trentham Books, Stoke-on-Trent.

Thiering, J. & Barbaro, R. 1992, Numeracy and how we learn, TNSDC, Sydney.

Wells, David 1988, Hidden Connections, Double Meanings: a mathematical exploration,
Cambridge University Press, Cambridge.

Willis, S. (ed.), 1990, Being Numerate: what counts?, ACER, Melbourne.

Other recommended resources for the course
During the course it will be almost essential for course participants to have access to the
following resources. They are more oriented towards teaching practice than those listed above.

Banwell, C., Saunders, K. & Tahta, D. 1986, Starting Points: for teaching mathematics in
middle and secondary schools, Tarquin Publications Stradbroke, UK.

Castles, L 1992, Surviving Statistics: a user's guide to the basics, Australian Bureau of Statistics.

Goddard, R., Marr, B. & Martin, J. 1991, Strength in Numbers: a resource book for teaching
adult numeracy, Division of Further Education, Victoria.

Hemmings, R. & Tahia, D. 1984, Images of infinity, Leapfrogs, London.

Jacobs, Harold 1982, Mathematics: a human endeavour, W.H. Freeman & Co, New York.

Lovitt, C. & Clarke, D. 1988, Mathematics Curriculum and Teaching Program (MCTP)
Activity bank, Vols 1 & 2, Curriculum Development Centre, Canberra.

Marr, B. & Helme, S. 1987, Mathematics: a new beginning, State Training Board, Victoria.

Marr, B., Tout, D. & Anderson, C. 1994, Numeracy on the Line: language-based activities for
adults, National Automotive Industry Training Board, Victoria.

Pappas, Theoni 1989, The Joy of Mathematics: discovering mathematics all around you, Wide
World Publishing, California.

Perl, Teri 1978, Math Equals: biographies of women mathematicians and related activities.
Addison-Wesley, California.

Note:
References in the text which are marked with an asterisk are available in Johnston, B. (ed.)
1992, Reclaiming Mathematics, University of Technology, Sydney.

For further information about availability of these resources please contact either ALIO, the
Adult Literacy Information Office (NSW), or ARIS, the Adult Basic Education Resource and
Information Service (Victoria) at the addresses beiow. Both AKIS and ALIO supported the
pilots of Aduls Numeracy Teaching and purchased resources explicitly to support ongoing
delivery of the course.

ALIO ARIS
Adult Literacy Information Office Adult Basic Education Resource and
6-8 Holden Street Information Service
Ashfield NSW 2131 GPO Box 372 F
Phone: 02 716 3666 Melbourne VIC 3001
Fax: 02 716 3699 Phone: 03 9614 0255
Fax: 03 9629 4708

2 Available from the National Languages and Literacy Institute of Australia, Melbourne Office, GPO Box 372F,
Melbourne VIC 3001 (Fax; 03 9629 4708) and from the Adult Literacy Information Office, 6-8 Holden St,
Ashfield, NSW 2131 (Fax: 02 716 3699) 1 ’7
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Adult Numeracy Teaching .~ .. . - injormation for presenters

Module C: C1 - BEING CRITICAL ABOUT MATHS
Mathematics as a - excavating maths from the real world

critical tool
CZ - BEING CRITICAL ABOUT LEARNING
- Who are the learners?

- What are their needs?

- curriculum planning

C3 - A NEGOTIATED INTERVAL
- critique of maths and its uses
- graphs in the media and other negotiated topics

C4 - EXCAVATING MATHS

- fractions etc: a sample excavation

- matbs in context

- literacy and numeracy interface

- resources for teaching: packages, concrete materials, people,
organisations, contexts

CURRICULUM PROJECT 3: Maths Excavation

From the excavation of some maths embedded in a context, develop
a critical teaching activity

- planning

- exploring

- presenting

Module D: D1 - AND SO TO THEORY

Naming theories: Naming the theories

implications for - sunumaries of previous discussions

practice - transmission, constructivism, and critical practices

D2 - IMPLICATIONS FOR TEACHING
- case studies
- measurement

D3 - IMPLICATIONS FOR ASSESSMENT
- assessment alternatives

D4 - THEORY AND PRACTICE: CLOSING THE GAP
CURRICULUM PROJECT 4 - Assessment tool
— theory into practice

D5 - SO WHAT THEN IS NUMERACY?
- chance and probability
- towards numeracy

i |
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Course information

Course name, qualification and ASF level

Course name Adult Numeracy Teaching: making meaning in mathematics
ASF level Level 6

" Nominal duration 84 hours

Course development

Background needs of the ALBE field

The National Adult Literacy and Basic Education Professional Development Reference
Committee makes recommendations to the National Staff Development Committee for
Vocational Education and Training (NSDC) on the planning and development of
professional development it the field of Adult Literacy and Basic Education. The
Australian Language and Literacy Policy (ALLP) in 1991 identified a skills shortage
amongst Adult Literacy and Basic Education (ALBE) teachers. The ALLP made funds
available to promote the professional development of ALBE personnel in TAFE.
Following this, the NSDC funded a project to identify resource gaps and to investigate
the professional development needs of ALBE staff.

The result was the identification of a need for:

- a more Systematic approach nationally to ALBE professional development

—~  opportunities for staff currently working in the area to upgrade the quality of
teaching and management of ALBE programs with TAFE

—  professional development for newly recruited teachers of ALBE and

- aframework for future professional development programs.

A National Framework for Professional Development of Adult Literacy and Basic
Education Personnel was published by the NSDC in 1994, following a draft Framework
issued in 1992. The aim of the Framework was:

To ensure that there is a sufficiently trained human resource base within the
national vocational education and training sector to deliver quality adult literacy
and basic education programs.

The Framework provides a plan for a nationally coordinated approach to planning,
development and implementation of professional development programs for the field.
This plan aims to equip ALBE personnel to deal with the major features of the National
Training Reform Agenda such as competency based training, flexible delivery and a
naiional system for the recognition of training. It also aims to ensure that teachers are
ablu to deliver high quality language and literacy programs and that, as a result,
language and literacy education can take a central role in the Training Reform Agenda.
The National ALBE Professional Development Reference Committee identified this
project, Teaching Mathematics in Adult Literacy and Basic Education, as having high

priority.
20
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Rationale

Increasingly ALBE teachers have been facing the challenge of teaching some aspects of
mathematics in what have traditionally been literacy programs. Many such teachers feel
inadequate for the task due to their earlier mathematics experiences, and the formal
systems of symbols, passwords, processes, routines and rules which accompanied this.
It is therefore not surprising that many ALBE teachers approach teaching any
mathematics with a lack of confidence in terms of their personal numeracy and in their
ability to teach it in a variety of ALBE contexts including the workplace.

In addition to this group of teachers there are other ALBE teachers, well-trained in
teaching mathematics, who may need to refocus their approach in terms of teaching
mathematics to adults, supporting vocational students, providing mathematics programs
in the workplace and updating their theoretical and methodological approaches.

This professional development package therefore aims to give ALBE teachers a broad
understanding of the content and structure of mathematics and how it is applied in
modern life. It also aims to develop teachers’ confidence in their own use of
mathematics and in the theories, methodologies and communication processes
appropriate for teaching numeracy in ALBE.

Course development

There were a number of stages in the development of the final package. There was an
initial consultation and survey undertaken with State and Territory personnel to identify
needs and gaps, and a literature search was completed.

A group of experienced NSW and Victorian adult numeracy teachers and trainers were
employed as writers and consultants. There were two meetings of the project team held
in Sydney in late 1993 and early 1994. This group was able to endorse and refine a
model for looking at the content of the course, and considered in detail the objectives
and outcomes of the course and the areas and issues that needed to be addressed. The
consultants developed the outline of the materials in a cooperative manner rather than
writing individually and in isolation, preferring to work together as & group.

The question the team began with was: what should numeracy teachers know and be
able to do after this course?

The answer proposed after some discussion was:
After this course a teacher
1 should have a critical appreciation of the place of mathematics in society;
2 should be able to initiate appropriate iearning activities by
- identifying the numeracy needs of students and
- responding froia a variety of approaches to teaching and a range of
appropriate mathematical resources and knowledge.
This answer became the basis of the course outcomes.

Course outcomes

General cutcomes

Teachers will gain a critical appreciation of the place of mathematics in society and be
able to initiate appropriate learning activities by identifying the numeracy needs of
students and responding with a variety of approaches, a breadth of knowledge and
appropriate mathematical resources.

2 1
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Specific outcomes

. Participants will identify and analyse concepts of mathematics and numeracy and
how people learn mathematics; and identify their own assumptions about what
mathematics is, how they and others learn it, how they feel about it and why, and
how this affects the teaching and learning of mathematics in a range of ALBE
contexts.

Participants will identify a range of learning theories for mathematics and the

relationship of those theories to teaching practice.

Participants will examine the role that mathematics plays in conveying

information, and the interplay between mathematics, language, context and the

political, social and cultural contexts within which the mathematics arises.

Participants will develop an appreciation of the social and human construction of

mathematics; develop a critical stance on appropriate and inappropriate use of

mathematics; identify and use mathematics from different cultures in teaching

numeracy; identify and analyse historical, social and political contexts of

numeracy; and help students construct mathematical meaning not only through

conceptual engagement but also through social, historical and cultural

understanding.

Participants will develop an understanding that numeracy is not a subset of

mathematics; that it is a critical awareness which

- enables individuals to bridge the gap between mathematics and the diverse
realities of their life and

- is reflected by learners in their social practice.

Participants will become familiar with specific areas of mathematics and available

teaching and learning strategies and resources for these areas; and determine

whether they are useful for appropriate areas of numeracy learning.

Participants will undertake curriculum planning activities in mathematics areas,

applicable to their teaching context, to meet the needs of their students including:

—  developing guidelines for good assessment

- giving consideration to alternative methods as they evolve and

—~  placing the issue of assessment in a more theoretical framework.

Competency standards

There are no established competency standards endorsed by the NTB for teachers of
adult numeracy or basic mathematics in Australia. However there has been an attempt to
map this program against competency statements developed by the Department of
Employment, Education and Training’s International Literacy Year (ILY) project,
‘What is 2 Competent Adult Basic Education Teacher?’ In 1590 DEET set up this ILY
project; the University of Technology, Sydney conducted the research. An interim
report, What is a Competent ABE Teacher?, was published in 1992 and in 1993 they
published their final report, The ABE Profession and Competence: Promoting best
practice. Their work provides the only framework currently available for describing the
competencies of ALBE personnel.

The results of the research provide a set of competency statements which describe
teachers who have had a few years experience in the field. Adult Numeracy Teaching
relates to many of the competencies—some in detail, others only very briefly.

The particular competency statements relevant to this program are found in Chapter 4,
pages 24 to 30, of The ABE Profession and Competence: Promoting best practice. The
learning outcomes were mapped to the following Units of Competence:

Unit 1: Adult learning and teaching approaches and practices
Unit 2: Selection and placement of students
Unit 3: Managing learning situations
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Unit 4: Monitoring learning
Unit 5: Community communication and consultation
Unit 7: Professional development and training

General competencies

Participants will make personal gains in the following key competency areas.

Collecting, analysing and organising ideas and information

They will be able to:

- identify issues in numeracy and mathematics education

—  identify and explain the concept of adult nurxeracy and its relationship to
mathematics

Using mathematical ideas ana wchniques; solvirg problems

They will be able to:

- identify and analyse concepts of mathematics and numeracy and their relationship
to the learning and teaching of adult numeracy
identify and describe theories relevant to the teaching of adult numeracy
identify and explain the need for theories of learning mathematics, and their
implications for teaching
identify and analyse how mathematics is a human and social construction
explain how mathematics is used or misused to influence opinions and decision-
making processes in terms of political, social, work, cultural, gender and racial
issues.

Planning and organising activities; working with others and with teams

They will be able to:

—  analyse and apply specific areas of mathematics, and identify teaching and
learning strategies and resources for these specific areas
identify the implications of theories of learning mathematics to curriculum,
teaching and assessment practices in adult numeracy
plan and develop a numeracy curriculum activity for a particular context and
student group.

Recognition given to the course

There have been no formal arrangements made for recognition of the course.
Participants may choose to present the Statement of Attainment (or Statement of
Achievement) to support a request for Advanced Standing towards courses offered by
tertiary and post-secondary institutions. Participants who intend to seek advanced
standing are advised to keep all written assignments and other assessment tasks in case
they are required for submission to the institution of their choice.

Licensing and regulatory requirements  not applicable

Course structure
QOutline

The course consists of four compulsory modules to be undertaken in the given order.
A Exploring practice

B Mathematics as a human construction

C  Mathematics as a critical tool

D Naming theories: implications for practice
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Requirements to receive the qualification

The program includes concurrent and post-course assessment of participants’ skills.
Those who attend the full program and complete the assessment tasks to the required
standard will receive a Statement of Attainment, provided that the course has been
accredited in their State or Territory. Otherwise the award will be a Statement of
Achievement. The coordinator or presenter will be responsible for assessing whether
participants heve satisfactorily completed the assessment tasks.

The coordinator will ensure that a statement of their award is sent to each successful
participant and will also handle requests for Recognition of Prior Learning.

Exit points  None except by completion of all four modules.

On the job training

It is a requirement that participants be in a position to feach numeracy to adults. It is
anticipated that some of the learning activities will require application in ALBE
contexis and that further learning will occur by applying the course content in this way.

Customisation

The course lends itself to customisation for particular teaching situations or contexts.
For example: workplace, TAFE vocational application, SkillShare, community based
programs, correctional education.

Entry requirements

Essential

—  teaching qualifications

—  adult teaching experience

—  demonstrated interest in teaching adult numeracy (€.g. current teaching of adult
numeracy; past attendance at adult numeracy professional development activities)

—  currently teaching aduit literacy, language or numeracy

Recognition of prior learning

Participants who wish to have prior learning recognised instead of completing all four
modules may apply to the presenter for assessment of current competence against the
learning outcomes identified in the program.

Assessment
Assessment approach

Participants will be expected to:

- maintain a journal reflecting on the course content and teaching implications

—  complete two short curriculum projects, requiring some out-of-class work and oral
reporting back
complete two longer curriculum projects, requiring some out-of-class work and a
class presentation. One of these projects is to be written up as a 2500 word essay
incorporating discussion of both theory and practice
participate actively in course activities and discussions.
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® 6 Delivery of the course

Delivery modes

The course has been designed for approximately 60 hours of face to face delivery to
participant groups, plus approximately 24 hours of incorporated project work.

The delivery mode is flexible and open to the needs and contexts of each group. Each
module is divided into a number of 3 hour sessions, which the presenter/coordinator can
therefore utilise in a variety of ways to deliver the course.

It is recommended, however, that the delivery be spread out over a minimum of 3
months with combinations of blocks of course time (half days, full days or several
consecutive days). This enables participants to have sufficient time to practice outcomes
of the course within their teaching context and to reflect upon the course. Any form of
flexible delivery should allow a minimum of one full day face to face per module
because the content promotes a hands-on interactive approach to the teaching of adult
O numeracy. It is therefore essential that the delivery of the course enables the course
itself to model this approach. The whole course could be delivered face to face, by the
use of small groups of locally based participants with a mentor, or via video
conferencing and/or teleconferencing. The course is not designed for self-study.

Resources

The package for Adult Numeracy Teaching contains ten sections arranged as follows:

Curriculum: the competency based curriculum

Modules A--D: each containing teaching notes for the presenter

Resources A~D: resources for the presenter and participants, including activity
sheets, handouts, overhead transparencies and readings

Projects: information on Curriculum Proje<ts and the Numeracy Journal

and how they should be assessed.

Qualifications of presenter/coordinator

The Minimum Competency Statements of Presenters are the same as for other National
Staff Development Committee professional development packages.

Presenters should:

~  be well-informed about policies and theoretical debates in the field of numeracy
and mathematics education related to ALBE, and abreast of current issues;

- beknowledgeable and fully up to date about broader issues, policies and current
events in political, social, industrial and educational fields as they impinge on the
field of ALBE;

- beactively involved in continuing professional education and making a
contribution to the field; and

- have a proven ability in delivering professional development programs,
workshops or seminars.

It is also recommended that one of the presenters/coordinators for each delivery of Adult
Numeracy Teaching should be a trained mathematics teacher.

"© NSDC/Commonwealth of Australia 1995 p7




B

PAFullToxt Provided by ERIC

Articulation and credit transfer

The course is designed as a professional development program for teachers and is not
designed as a formal teaching qualification. Opportunities will occur for articulation
from this course to a variety of university courses, including the opportunity for some
credit transfer.

Individual states and territories, or organisations, may choose to organise formal
articulation and credit transfer agreements. Where no formal agreements exist,
individual participants will need to negotiate credit with individual universities. {See
section 3 above.)

Career pathways

The course will improve the teaching skills of ALBE numeracy teachers. It also intends
to widen the skills of literacy and laaguage teachers to enabie them to address the
learning needs of their students raore adequately.

Ongoing monitoring and evaluation

State and territory systems will be responsible for monitoring and evaluating the course
to maintain guality and relevance.

26
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Module information

Module A: Exploring practice

1 Nominal duration: 18 hours face to face

2  Module purposes

Participants will identify and analyse for a range of ABE contexts

~  concepts of mathematics and numeracy

—  how mathematics is learnt

—  their own assumptions and feelings about mathematics

~  how these affect the learning and teaching of mathematics

Participants will

~  analyse and apply specific areas of mathematics

~  identify the teaching and learning strategies and resources for these areas
—  evaluate their usefulness in a numeracy teaching and learning contex.

3  Prerequisites: No course prerequisites

4  Relationship to competency statements

This module is related to the following elements of competency:

Element 1.2 Applies knowledge of theories of mathematics learning and teaching
to develop adult numeracy skills.

Element 1.3 Applies knowledge of theories of learning, including learning relevant
to adults in any ABE situations.

Element 1.4 Uses a variety of learning and teaching strategies to pursue literacy and
numeracy goals for personal, social, educational and vocational
purposes.

Element 4.4 Continually reflects on and adjusts own practice.

Element 6.2 Represents ABE both within the teachers’ workplace and in the wider
community.

Element 7.1 Is informed about current issues, policies and theoretical debates in the
field of ABE.

Element 7.2 a8 actively involved in continuing professional development in the
field of ABE.

S  Content

Issues in numeracy and mathematics education
Mathematics abuse and anxiety

Mathematical and teaching topics

Why we need theories of learning and teaching
Perceptions of mathematics

Making meaning in mathematics

Language and mathematics

Using language to enhance the learning of mathematics
Cultural differences in mathematics

| B
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Assessment strategy

Assessment method

1 Maintain a journal of reflections on the content of the module and any teaching
implications.

2  Complete Curriculum Project 1 (CF1) — Making meaning.

Conditions of assessment

1 The journal which comprises personal reflections on the course is to be done out
of course time, consisiing of 2 brief informal entries for the module. Detailed
guidelines are provided in the teaching resouices.

2 CP1 to include a mixture of practical trials and course discussion.

Learning outcome details

Learning outcomes

Al Identify significant issues in numeracy and mathematics education.

A2 Identify and analyse concepts of mathematics and numeracy and their reiationship
to the learning and teaching of adult numeracy.

A3 Identify and explain the need for theories of learning mathematics, and their
implications for teaching.

A4 Analyse and apply specific areas of mathematics.

A5 Identify teaching and learning strategies and resources for the specific areas
analysed in A4.

Assessment criteria

Al Name arange of key issues facing the teaching of adult numeracy in Australia.

A2 Identify two contrasting concepts of the learning of mathematics and their
implications for teaching.

A3 Identify causes and signs of mathematics anxiety and detail strategies for
overcoming mathematics anxiety.

A4 Explain how theories of learning mathematics can make teaching more effective.

A5 Identify mismatches between the participant’s own theories and their teaching
practices.

A6 Identify strategies for narrowing the gap between participant’s own theories and
practices.

A7  Apply knowledge for the teaching of selected mathematical concepts.

A8  Describe the relationship between mathematics learning, language and literacy.

Delivery of the module

Delivery strategy
18 hours face to face and 3 hours project work
For flexible delivery see Curriculum, page 7.

Resource requirements
A teaching room set up for whole group and small group work.

Materials

Detailed lists of materials needed for each session are included with the teaching notes
for each module, including readings. Participants will themselves need access outside of
course time to an adult education tcaching/learning situation where they can work with
adult numeracy students.

R8
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Useful learning resources for Module A are:
Adult Numeracy Teaching: Presenters' Notes
Adult Numeracy Teaching: Participants’ readings (P)
Numeracy in Focus, No. 1
Breaking the Maths Barrier
Reclaiming Mathematics
Numeracy and How We Learn

Module B: Mathematics as 2 human construction

Nominal duration: 24 hours (15 hours face to face, 9 hours project work)

-

Module purposes

Participants will develop knowledge of the social and human construction of
mathematics.

Participants will develop teaching strategies that will help their students construct
mathematical meaning not only through conceptual engagement, but also through
social, historical and cultural understanding.

Participants will analyse and apply specific areas of mathematics identify related
teaching and learning strategies, and resources and evaluate their usefulness in an adult
numeracy context.

Prerequisite: Completion of Module A

Relationship to competency statements

This module relates to the following elements:

Element 1.2 Applies knowledge of theories of mathematics learning and teaching to
develop adult numeracy skills. .

Element 1.3 Applies knowledge of theories of learning, including learning relevant to
adults in any ABE situations.

Element 1.4 Uses a variety of learning and teaching strategies to pursuc literacy and
numeracy goals for personal, social, educational and vocational purposes.

Element 4.4  Continually reflects on and adjusts own practice.

Element 7.1 Is informed about current issues, policies and theoretical debates in the
field of ABE.

Element 7.2 Isfactively involved in continuing professional development in the field
of ABE.

Content

—  Mathematics as a human construction
Problem solving in mathematics
Using mathematics from different cultures
The mathematics, historical origins and cultural connections of selected topics:
classification of geometric shapes; angles, shape and symmetry; regular polygons;
space, shape and symmetry; Pythagoras theorem; circles and pi;
lengths, scales and ratios; topology; measurement; fractals; algebra, relationships
and patterns; and tessellations and mosaics.
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Assessment strategy

Assessment method
1 Maintain a written journal reflecting on the content of the module and any
teaching implications.

- 2 Complete Curriculum Project 2 (CP2) - Exploring mathematics.

Conditions of assessment

1 For the journal, see Module A.

2 A contract for the content of CP2 is to be negotiated between the participants and
the presenter. CP2 is a mathematical investigation of a topic of the participants’
choice. It will include planning, exploring the topic, and a presentation to the
whole group. It may include the writing of an essay. CP2 is preferably to be done
as a team activity.

7 Learning outcome details

b,

Learning outcomes

B1 Identify and analyse how mathematics is a human and social construction o
‘ B2 Analyse and apply specific areas of mathematics

R B3 Identify teaching and learning strategies and resources for the specific areas in B2.

Assessment criteria

= Bl Identify and explain how concepts of space and shape are a social and human
construction

B2 Describe how particular cultural needs affect concepts of shape and space or some
other mathematical concept

B3 Report on an investigation of a mathematical problem

B4 Apply knowledge for the teaching or investigation of selected mathematical
concepts

B5 Demonstrate knowledge of problem solving strategies

8  Delivery of the module

Delivery strategy
= 15 hours face to face and 9 hours project work
- Project work is to be done as a team if possible, in the workshop or an outside location. ’

Resource requirements: See Module A. ¥

Module C: Mathematics as a critical tool

B 1 Nominal duration: 27 hours (18 hours face to face, 9 hours project work)

2 Module purposes

- Participants will develop an understanding that numeracy is a critical awarcness which
enables them to bridge the gap between mathematics and the political, social, cultural,
work and training contexts of their lives.

Participants will analyse the role that mathematics plays in conveying information,
including the interplay between mathematics, language and content.
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Gurriculum-

Participants will analyse and apply specific areas of mathematics; develop curriculum
activities for particular contexts; and identify appropriate teaching and learning
strategies and resources.

Prerequisites:

Completion of Modules A and B

Relationship to competency statements

'This module relates to the following elements:

Element 1.2
Element 1.3
Element 1.4
Element 2.1
Element 2.2
Element 3.1
Element 3.2
Element 3.3
Element 4.1
Element 4.2
Element 4.4
Element 6.3
Element 7.1

Element 7.2

Content

Applies knowledge of theories of mathematics learning and teaching
to develop adult numeracy skills.

Applies knowledge of theories of learning, including learning relevant
to adults in any ABE situations.

Uses a variety of learning and teaching strategies to pursue literacy
and numeracy goals for personal, social, educational and vocational
purposes.

Interviews, assesses, places or refers students.

In selecting students, requirements of government and organisation
policies are balanced with the learning needs of individuals.

Uses knowledge of curriculum theories and curriculum documents to
develop and implement a program/curriculum compatible with
individual, group and program needs.

Manages time, space and resources to maximise educational outcomes.
Adapts curriculum in the light of changing circumstances and
changing student needs.

Uses knowledge of current theories of language, mathematics and
learning to select and evaluate appropriate assessment methods.
Modifies students’ programs as a result of continual monitoring.
Continually reflects on and adjusts own practice.

Plans and implements ABE programs.

Is informed about current issues, policies and theoretical debates in the
field of ABE.

Is actively involved in continuing professional development in the
field of ABE.

- Critical mathematics and numeracy:
Integration of literacy and numeracy
Contexts of learning mathematics:
Curriculum development
Mathematical and teaching topics:

Assessment strategies

Assessment method

1 Maintain a journal reflecting on the content of the module and any teaching
implications.

2 Complete Curriculum Project 3 (CP3) — Mathematics excavation

Conditions of assessment
1 For the journal, see Module A.
2 A contract for CP3 is to be negotiated between the participants and the presenter.
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CP3 will involve identifying the mathematics embedded in a context of the o
participant’s choice and developing a critical teaching activity or curriculum

outline for that context, also related to their work context.

It will include pianning, exploring the topic, and a presentation to the course

group. CP3 is preferably to be done as a team activity. It may also include the

writing of an essay.

- 7 Learning outcome details

Learning outcomes

C1  Explain how mathematics is used or misused to influence opinions and decision-
making processes in terms of political, social, work, cultural, gender and racial
issues.

C2 Plan and develop a numeracy curriculum activity for a particular context and
student group.

C3  Analyse and apply specific areas of mathematics.

C4 Identify teaching and learning strategies and resources for specific areas in C2 and
C3.

S Assessment criteria Q -
Cl Describe examples of how mathematics can be used to disempower aduls.
= C2 Describe numeracy activities that can be used to explore mathematics critically.
C3 Identify learner needs.
C4 Identify how mathematics is used and applied in different contexts.
C5 Identify relevant state and national policies and strategies that influence ABE
curriculum.

C6 Identify and analyse the mathematics embedded in selected contexts.
C7 Develop, for a particular context and group of students, a curriculum activity.
C8 Apply knowledge for the teaching, investigaticn and curriculum development of
SN selected mathematical topics.

i C9 Demonstrate knowledge of issues in the integration of literacy and numeracy.

8  Delivery of the module

Delivery strategy

18 hours face to face and 9 hours project work

Project work to be undertaken as a team if possible in the course workshop or another 0
outside location.

Resource requirements:  As for Module A =

Module D: Naming theories: implications for practice

1  Nominal duration: 15 hours face to face

2 Module purposes

Participants will identify a range of learning theories for mathematics and their
relationship to numeracy teaching practice.

Participants will analyse and apply specific areas of mathematics, identify related
teaching and learning strategies and resources and evaluate their usefulness in a
numeracy context.
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Prerequisites:

4

Completion of Modules A, B and C

Relationship to competency statements

This module relates to the following eler.2nts:

Element 1.2
Element 1.3
Element 1.4
Element 2.1
Element 2.2

Element 3.1

Element 4.1
Element 4.2
Element 4.4
Element 6.2

Element 6.3
Element 7.1

Element 7.2

Content

Applies knowledge of theories of mathematics learning and teaching
to develop adult numeracy skills.

Applies knowledge of theories of learning, including learning relevant
to adults in any ABE situations.

Uses a variety of learning and teaching strategies to pursue literacy
and numeracy goals for personal, social, educatio~2l and vocational
purposes.

Interviews, assesses, places or refers students.

In selecting students, requirements of government and organisation
policies are balanced with the learning needs of individuals.

Uses knowledge of curriculum theories and curriculum documents to
develop and implement a program/curriculum compatible with
individual, group and program needs.

Uses knowledge of current theories of language, mathematics and
learning to select and evaluate appropriate assessment methods.
Modifies students’ programs as a result of continual monitoring.
Continually reflects on and adjusts own practice.

Represents ABE both within the teachers’ workplace and in the wider
community.

Plans and iraplements ABE programs.

Is informed about current issues, policies and theoretical debates in the
field of ABE.

Is actively involved in continuing professional development in the
field of ABE.

Looking at theories of learning and teaching mathematics: transmission,
constructivism, critical constructivism

Implications of theories for practice

What is numeracy?

Mathematical and teaching topics in selected areas

Assessment strategy

Assessment method

1 Maintain a journal reflecting on the module content and teaching implications.
2 Complete Curriculum Project 4 (CP4) — Assessment tool.

Conditions of assessment

1 The journal is to be personal reflections on the course to be done out of workshop
time, consisting of: one brief, informal entry for this module and one summative
entry reflecting on the whole course and the question, ‘What is numeracy?’
CP4 is a small group or individual activity, which will include course discussions,
and trialling in a teaching situation. It will be based on developing an assessment
task for a teaching/learning activity.
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Learning outcome details

Learning ouicomes

Dl
D2

D3

D4
D5

Identify and describe theories relevant to the teaching of adult numeracy.

Identify the implications of the theories to curriculum, teaching and assessment
practices in adult numeracy.

Identify and explain the concept of adult numeracy and its relationship to
mathematics.

Analyse and apply specific areas of mathematics.

Identify teaching and learning strategies and resources for the specific areas in D4.

Assessment criteria

Dl
D2
D3
D4
D5

D6

Describe transmission, constructivism and critical constructivism theories of the
learning of mathematics.

Identify and describe the implications of the theories for developing adult
numeracy curriculum.

Describe a range of alternative assessment strategies for adult numeracy.

Report on the participant’s view and concept of adult numeracy and mathematics.
Explain how technology, including calculators, can be used in a numeracy
teaching/learning context.

Apply knowledge for the teaching of selected mathematical topics.

Delivery of the module

Delivery strategy

Curriculum Project 4 (CP4) to be undertaken as a team, if possible, within the course
workshop or another outside location.

Resource requirements
As for Modules A, B and C
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Module A
Exploring

practice

Presenter's notes
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Module A: Exploring practice

Nominal Time: 18 hours

Brief description

By exploring practice participants are introduced to the need for theoretical and other tools for
constructing meaning in mathematics teaching and learning as they journey through some
crucial mathematical areas.

Rationale

The course begins by raising issues about how people learn mathematics in an effort to make it
clear that taken-for-granted practices and assurmptions are actually problematic. The need for
theory is discussed, but particular theories are not explored in detail until Module D. By then
participants will have had chances throughout the course to query and construct different
theories. In this module participants will consider the genesis of maths anxiety and its
connections with lack of meaning. A variety of tools for making meaning; language, concrete
models and social contexts, will be introduced as participants expiore perimeter and area, place
value, basic operations, fractions and algebra. The accompanying Curriculum Project I, Making
meaning, will encourage participants t0 examine these issues in greater depth in relation to the

four basic operations: addition, multiplication, subtraction and division.

Learning outcomes

Participants will be able to:
identify significant issues in numeracy and mathematics education
identify and analyse concepts of mathematics and numeracy and their relationship to the
learning and teaching of adult numeraCy
identify and explain the need for theories of learning mathematics, and their implications
for teaching
analyse and apply specific areas of mathematics
identify teaching and learning strategies and resources for the specific areas analysed
above,

Assessment requirements

1 Maintain a journal of reflections on the content of Module A and any teaching
implications.
The journal, which consists of personal reflections on the course, is to be done out of
course time, with at least 2 brief informal entries for this module. Detailed guidelines are
provided in the Curriculum Projects and Numeracy Journal section.

Complete Curriculum Project 1(CP 1) ~ Making meaning.
CP 1 is to include a mixture of practical trials and course discussion.

References

A bibliographical list of references for this module is given at the end of Resources A (HO17].
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¥ Te ' i1 AL Exploring préctice

Moduie A outline

section time development of issues maths
and activities involved

Al - You and numeracy

Al.l
Introduction and maths L5h icebreaker
autobiographies mathematical autobiographies

Al2

Issues in numeracy . looking at posters to raise issues about
numeracy education
discussing outline, expectations of the
course

A2 - Unlearning about maths

A2.1

Unlearning maths: acase 1.5h looking at boundaries area, perimeter

study discussion and their
talking about the case study relationship

A22 cooperative
Maths abuse and anxiety 1.5 h cooperative problem solving logic
maths anxiety: how do you know if
you've got it?
anxiety and meaninglessness patterns: 9X
meaning, patterns and the 9X table table

A3 - Why theory?
A3l
Why do we need — case study reflection review area and
theories? — What theories are we already working  perimeter
from?
— using metaphors and pictures methods of
— different theories, different questions  subtraction
~ S0 why theory?

A3.2 four basic
CURRICULUM l1h  Curriculum Project 1 (CP1) — Part 1 operations
PROJECT 1 - MAKING Exploring the four operations

MEANING

A4 - Making meaning with symbols

Ad.l

Algebra activities 2h issues surrounding algebra algebra and
algebra through domestic situations relationships
algebra through patterns and pattern
algebra through physical
representation
review

A4.2

CURRICULUM 1h  Curriculum Project 1 — Part 2 four operations
PROJECT 1 - MAKING Reflection on student observations and

MEANING modelling the four operations
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A5 — Making meaning from counting sysiems

AS.1

CURRICULUM lh  Curtculum Project 1 — Part 3
PROJECT 1 - MAKING — different cultures and different ways
MEANING of doing maths

A5.2
Why count—and how? the word for five ...
looking at other number systems

why do we count?
AS5.3

Operating 'our' number  1h exploring 'our' Hindu-Arabic
system: a beginning numeration system

four operations

place value and
number systems

A6 - Strategies for making meaning

A6.1

Operating the number 1.5h

system: a continuation building meaning — how do we do it?
multiple embodiments
and what about little numbers?

A6.2

Language as a tool Lesley's story
exploring fractions
talk, play, write, argue, negotiate,
reflect

A6.3
Constructing meaning in
practice: a review

place value:
more on
operations and
numbess < 1

division
fractions

38
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l @ Al You and numeracy

Al.1l Introduction and maths autobiographies

= Brief description

After an introduction to the course, participants talk to each other about their maths
autobiographies, reflecting on their own past experiences with mathematics, and the positive
and negative influences on their learning and their attitudes to mathematics.

Rationale

This activity is an ice-breaker. It will also start to identify issues related to the teaching of
mathematics and numeracy. Individuals will be introduced to the Group. The presenter and
- participants should get a picture of the work done by the participants, their workplaces and
- e their mathematical background. Discussion of the impact of past mathematical experiences
i should help identifly those experiences which formed positive attitudes to maths and those
which hindered progress. Effective teaching strategies in numeracy education will become
more explicit.

Alims

This session aims to:

—  introduce participanis to each other

—  foster an awareness that negative experiences in mathematics are not uncommon

—  use the experience of participants as learners to focus on what they would like to be as

teachers.
Preparation Materials needed
- Presenter Handouts/OHTs/paper
- You will need to be fairly well The Numeracy Journal [NJ1] from the
acquainted with the flow of the entire Curriculum Projects and Numeracy
_ ‘ course before you begin, and with the Journal section
_ specific administrative requirements of OHP, clear OHT and marker
your patticular program.

Familiarise yourself with journal
activities and guidelines.

Time: 1.5 hours
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.

Al.1 Introduction and maths autebiographies

Detailed procedure

Welcome

Introduce the idea of the journal.

Refer participants to The Numeracy Journal [NJ1].

During this course you will be expected to keep a fairly reguiar journal. It can be in a
separate exercise book, or loose-leaf in the Course folder. You will be hearing more about
it next time. The first entry in the journal will be your answers to these questions.

Have participants respond to the first set of questions [OHT1].

In pairs, as far as possible unfamiliar to each other, ask participants to tell each other their @
mathematical autobiographies.

You should focus on CRITICAL INCIDENTS or episodes that impacted on your own

learning, teaching or attitudes to maths. Positive and negative influences should be noted.

Pairs of participants then briefly intreduce their partners (name, job and workplace) and
report on any central or critical incidents in the other person's autobiography.

Write the qualities, conditions and issues arising from these autobiographies and incidents
on the board or OHP. Relate them to aspects of good and bad teaching, or other factors.
You could tell your own story briefly.

Working with the Group try to categorise and compare the qualities, conditions and issues.
Discuss as a Group conditions and qualities that influence people's reactions to maths, and ‘
the implications and issues for good or bad numeracy teaching.
Highlight the good ones:
—  encouraging the use of good strategies
—  discussing the effectiveness of particular strategies
—  teasing out the principles behind them
looking at

how we learn

the way we remember and /or store information

how we use it outside school

its relevance.
Elicit the factors that made some of us enjoy our experience of it, some of us feel
indifferent and others hate it.
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Aduft. Numeracy' Teéaching =% "7 o

T AT Exploting practice

Brief description

By analysing quotations and cartoons participants raise issues about adult numeracy and share
their feelings and attitudes towards topical issues in the numeracy context.

Rationale

This session begins by raising some of the issues in numeracy education. It does this in a
relaxed and informal way which also acts as a follow on icebreaker from the first more
individual activity. Small group work is used in an attempt to establish a collaborative
environment in the Group and to honour the experiences bought to the Group by individuals.

Aims

This session aims to;

—  actasanicebreaker, i.e. get participants talking and getting to know each other;

—  use the participants' experience to raise issues in adult numeracy;

—  identify issues in numeracy and mathematics education and analyse concepts of
mathematics and numeracy and their relationship to the learning and teaching of adult

numeracy; and

- talk explicitly about the program: the expectations of both the presenter and the
participants, and the flow and philosophy of the course.

Preparation

Presenter

Be clear about the expectations of this
section for you as presenter as well as
for the participants before you begin
this session, e.g. time commitment.
Fix the posters to the wall with
reasonable space in between.

Time: 1.5 hours

Materials needed

Concrete materials

5 to 7 posters AS1-7;

(Blow them up to A3 size.)

butcher’s paper

thick pen for each group

blue tac

Handouts

participants' ring-binders, with any
background course material, readings,
notes etc., including OQutline of the ANT
Course [HO1]
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‘Agult Numeracy.: Teachifig
Al.2 Issues in numeracy

Detailed procedure

1 Ask participants to walk around the room and read all the posters.
Before they start, ask them, as they move about, to decide on a poster they would like to
consider in more depth. (15 min)

2 Have participants gather around their chosen poster in groups of 4 or 5. If one poster
seems to be left out, point this out and ask if anyone is willing to take it on.
Ask each small group to choose a spokesperson to report back to the whole Group.
On butcher’s paper each group should record:
-~ atitle for their poster
- issues arising from the poster {these could be recorded in words or illustrations)
- questions it raises that the course might do well to address.

3 As each spokesperson reports to the Group, use the opportunity to highlight issues, draw
connections and indicate how the course addresses these.
The quotes were originally collected under these headings:

AS1 What is maths?

AS2 anxiety and dislike

AS3 mathematical delight

AS4 ways of teaching it

ASS its meaningfulness—or not

AS6 its social origins

AS7 access and equity
These issues may arise, but quite different categories could emerge and should be
welcomed.

4 Overview and administration
Talk about the philosophy, aims, structure, content and expectations of the course.
More specifically, begin to marry and adapt your own expectations to the expectations of
the participants.
Assessment and time commitments should be clearly spelt out.
Give out the ring-binders.




A s A Explorifig practice

A2 Unlearning about méths

A2.1 Unlearning maths: a case study

Brief description

The participants engage in a question about the relationship between areas and boundaries and
examine some of the assumptions they bring to the course about the nature of maths and its
learning and teaching.

Rationale and aims

Coming at the end of the initial session which has included a lot of discussion, this session
gives the participants their first chance to engage in a mathematical problem. The aim,
however, is not necessarily for the participants to demonstrate successful problem-solving, so
much as to

—  observe themselves during the process

—  note how they went about the task and how they felt about it and

—  ftryto tease out from this evidence the assumptions they bring to the course about maths

and its learning and teaching.
Preparation Materials needed
Presenter Concrete materials
Read match sticks
Johnston (1992) a ball of string and scissors to cut it
' grid paper (not too fine)
Time: 1 hour Handouts
Learning and teaching mathematics:
[HOZ]
Looking at boundaries [HO3)
Reference

Johnston, B. 1992, ‘Teachers making meaning in maths: or, what does it mean to learn
maths?” in B. Southwell et al., Proceedings of the 15th Annual Conference of the
Mathematics Education Research Group of Australasia, MERGA, Sydney.
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A2.1 Umearnmg mathS° a case study

Detailed procedure

This session uses both small group and Group discussion and is divided into four parts:
-  Looking at boundaries (30 min approx.)

—  Discussion (30 min approx.)
There will be Reflections on this activity in Session A3.1.

Looking at boundaries

1 Introduce the activity by describing the case study, handing out Learning and teaching
mathematics ... case study notes ... [HO2] and going through them.
Empbhasise that the activity is a case study of the participants themselves, so as well as
actually participating they should be watching themselves, perhaps noting down points of
interest.

2 Before you hand out Looking at boundaries [HO3] say something like:
1 am going to ask you a question about area. I want you to give a quick intuitive answer.
You don't have to tell anyone else, but please commit yourself one way or the other. It
makes it more interesting if you have some sort of stake in it.
Then ask the central question which is in bold in Q1.

3 Wait for a minute or two, and hand out Looking at boundaries [HO3]}.
Don't discuss the issue at this point.

4  Go straight on to Q2. Do the same here. Get participants to write down T or F.

5 In small groups of 3 or 4, ask participants to come to a consensus, convincing each other.
It is the valuable task of those who do not follow the argument to say so, and the task of
those who think they are right to find ways of passing on their conviction to others.

6 Go on to Q3.
Because the point of the exercise is self-observation, it does not matter in fact whether the
participants finds the problem easy or hard: both reactions are grist to the mill at this
stage, both positions have something to offer in a small group discussion.
Your task during this time is to circulate through the groups, allay excessive anxiety, ask
clarifying questions, listen to those who are finding it difficult to express ideas or
puzzlement, suggest to any group whose members (rightly) agree that they find alternative

44
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methods to demonstrate their conviction, and offer materials such as matches, string or
squared paper to those who want them.

Could you draw a diagram or give an example of that?

Would any of these materials help?

Somie string? is one piece enough? two bits? the same length?

Is there another way you could demonstrate that?

When all the small groups have come to some conclusion, explore the question in the
large Group by using the different strategies that have arisen.

Discussion
1 There will probably emerge a variety of ways of finding an answer to the question through
using
- diagrams
—  particular examples (‘If the fence is to be 12 m long, what gardens might I have?’)
- concrete materials, e.g. string or a belt
—  formulas or algebra, if they emerge.

The aim is to come to the realisation that;

the length of a boundary is not enough to tell us how much area there is inside i.

For most people, the most convincing evidence seems to be the demonstration that with a
belt you can make shapes from those with large area (more circular), to those with
progressively less area (longer, or more indented), to ones with almost as little area as
you nominate (by making the oval as thin as you like).

Points that may arise during the discussion

. It is likely that most people will initially answer YES to the main question, and gradually
change, as they respond to the statements in Q2, and listen to others' arguments.
It is not only people with little understanding of formal maths that maxe the wrong
assumptions here. Often those with quite advanced maths are imprisoned by their use of
formulas.
Some people will be shaken and disturbed, at least initially, by being wrong. It is
important that they see they are not alone, and important that a variety of solutions is
presented so they have more chance of being convinced.
Language has different functions. Mathematicians would probably say that Lee's
statement in Q2 was false, because it is not always true, but most people using everyday
meanings would say it was not necessarily true, because it is sometimes true, sometimes
false. We need to know this when we choose our words.
Real world constraints often interfere with the neatness of a model.

45
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What about a garden on the top of a hill, like a cone? The enclosure is no longer 2-D and

s0 we have a greater area inside the boundary!

Or, mathematically, it seems fine to say that Soheila's statement is false, but surely if you

know the area of your garden then you will know the shape and therefore the dimensions.

What about a tree in the garden that you need to fence around (a useful counter example to

Lee's statement)?

This is all very interesting but how is it relevant? Some real world examples include:
making a hen-house—a square (if keeping to right angles) or a circle gives most
interior space for limited materials;
for the same reason, cheaper houses probably have more square rooms (participants
could check—do they, in fact 7);

a long thin building will need more windows than a more square one with the same
space inside.

Many people only think about the question in terms of rectangles. Why? For some it is

because they learnt about area initially in terms of the formula for rectangles.

Are squares rectangles? Yes, but why? Who says s0? The mathematicians, basically, have

organised their sets and subsets this way. So what is an oblong? This is definitely a more

everyday word for the rectangle that has one side longer than another.

Usually about 70% or more are intuitively wrong in their response to this activity. Why

so many? For some people the concepts of area and perimeter have only a hazy existence

outside formulas. Often these distantly remembered formulas were learnt at the same time,
and remain somehow connected. If one is big, so is the other. For these people, it is eye-
opening to realise that ‘area’ refers to something in the real world ... something that it is
allied to ideas of covering and skin.

Did learning occur during this activity? did teaching? what is teaching? is teaching telling?

Talking about the case study

Remind participants that before next time they are expected to carry out the activity with
another adult (using Q4) and write up in their journal brief reflections on the whole
process.

Follow up: reflections

During the next session the participants in small groups discuss:

. what assumptions were brought to light in this case study about maths
. how they and others learn it

J how they feel about it and why

. whether these assumptions need to be challenged or can be challenged
. what implications there are for teaching maths to adults.

A short report can be made from each small group to the whole Group.

© NSDC/Commonwealth of Australia 1995
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A2.2 Maths abuse and anxiety

Brief description

Participants identify signs and causes of maths anxiety, work out strategies for lessening it
and tease out to what extent the problem is individual or systemic.

Rationale/aims

Many participants will come to the course with some feelings of maths anxiety, and such
feelings are widespread amongst their students. This session allows those feelings to be
analysed. To do this, participants will engage in collaborative problem-solving situations and
identify how they differ from more traditional ones, discuss signs and possible causes of
maths anxiety, consider the importance of meaning in mathematics and develop strategies that
would promote a better learning environment. By the end of the session, participants should
also begin to critique the notion of maths anxiety as an individual problem.

Preparation Materials needed

Presenter Concrete materials

Read at least 2 cooperative logic problems
Buerk (1985) and Frankenstein (1989) from Mathematics: A New
Organise cooperative logic problems Beginning/Breaking the Maths
Barrier/Get It Together
Participants 7 cups and 20 counters for each group
Read Handouts

Math anxiety defined [P1] or Making meaning [HOS5]
Mathematics anxiety [P2] Looking for patterns [HO6]

Talking about maths anxiety [HO4]
Math anxiety defined [P1]

Time: 1.5 hours Mathematics anxiety [P2]
OHTs/paper etc.

Making meaning [OHT2)

References

* Boomer, G. 1986, ‘From catechism to communication: language, learning and
mathematics’, Australian Mathematics Teacher, Vol. 42, pp. 2~7.

* Buerk, D. 1985, “The voices of women making meaning in maths’, Journal of Education,
Vol. 167, No. 3, pp. 59-70.

Erickson, T. (ed.) 1989, Get It Together, EQUALS, Lawrence Hall of Science, University of
California.

Frankenstein, M. 1989, Relearning Mathematics: a different third R—radical mathematics,
Free Association Press, London.

Jacobs, H. 1982, Mathematics: a human endeavor, W H Freeman & Co, New York

Johnston, B, 1992, ‘Mathematics: an abstracted discourse’, Paper presented at the Sixth
International Congress of Mathematics Education, Quebec.

* Oxreider, C. and Ray, J. 1982, Your Number's Up, Addison-Wesley, USA

* Webber, V. 1988, ‘Maths as a subversive activity’, Education Links, 32, 6-9.

* available in Johnston, B. (ed.) 1992, Reclaiming Mathematics, UTS, Sydney
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A2.2 Maths abuse and anxiety

Detailed procedure

This section consists of four parts:

-~ Cooperative problem-solving activity and discussion (45 min)
~  Maths anxiety: How do you know if you've got it? (20 min)
-  Anxiety and meaninglessness (10 min)
-  Meaning, patterns and the 9x table (15 min)

Cooperative problem solving
This section is an activity in small groups followed by a Group discussion.

Participants form groups of approximately 4. Introduce to them the concept of the
cooperative logic activity. Give each group a set of cards. Each person has information to
share with the group in turn. Together the group tries to solve the given problem.

Go around the groups encouraging them to focus on the proceés involved in coming to a
solution. What strategies are they enlisting? Which previously given rules are they
struggling with? Are these rules still appropriate in this context?

Quickly extract as many general problem-solving strategies as possible, e.g.
-~ read and understand all the information
- trial-and-error or guess-and-check
- modelling with concrete materials
drawing diagrams
organising information into charts/tables
looking for patterns
trying alternative approaches.

Brainstorm how this type of cooperative activity differs from traditional maths activities:
- ‘cheating’ is not applicable as there is nothing to gain
—  ideas bounce off one other
- itis alanguage rich environment
—  itis less competitive
it depends on the cooperation of each member of the group.

Ask participants how they feel about this style of teaching/learning compared with
traditional teaching. This can lead into contrasting the two scenarios of learning—
transmission versus constructivism, without necessarily spelling them out.
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Maths anxiety: How do you know if you've got it?

1 Use the previous discussion to raise the issue of ‘maths anxiety’, which will have
appeared somewhere in the discussion on bad teaching practices.
Brainstorm the signs of maths anxiety, e.g. tension, guilt, panic, headaches, avoidance.
Use Talking about maths anxiety [HO4] if inspiration runs dry, and refer participants to
Math anxiety defined [P1] or Mathematics anxiety: Misconceptions about learning maths
[P2] for further reading.

Discuss the possible causes of maths anxiety, e.g.

—  dislike of school

~  fear of a particular teacher

—  uncomfortable learning methods
pressure to be ‘clever’
emphasis on product rather than process
myths about the importance of maths
gaps in schooling
definitions of masculinity/femininity

- lack of use since leaving school

-~ introduction of calculators.

Anxiety and meaninglessness

1 Consider the following definition of anxiety in Making meaning [OHT2, HOS]
Anxiety is
‘the sense of disintegration which occurs when 2 meaning-making organism finds itself
unable to make meaning’. (Buerk, 1985, p. 67)

Discuss the importance of meaning in mathematics.

Point out that a number of the causes that we have just listed—though not all of them—
would result in a sense of the meaninglessness of much mathematical activity.

What do we mean by ‘meaning’? Making meaning involves making connections—a
variety of connections.

Discuss the diagram on OHT2.

The more arrows that connect, the more meaningful a particular concept becomes.

Most of us were lucky if even the two bottom categories connected. Rarely did we
connect them to any model, and still more rarely to the real world.

Show participants how the diagram can illustrate possible connections for establishing a
strong concept of the number ‘three’.
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real world
[you, me and her]}

model

[ose]

/ N\

language “@———— symbols
[three or drei or ...} [3orMor...]

Meaning, patterns and the 9X table

1 One level of meaning is in the connections we can make between the numbers in
something like the 9 times table ... it is the level of pattern-making.
Ask participants about any patterns that they know exist within the 9 times table.
Introduce any that have not been covered by the participants.
See Looking for pasterns [HO6] for details.

2 Indicate the two aspects of meaning involved:
—  asense that patterns are ways of connecting and give a power of prediction,
a non-arbitrariness
-~ the possibility of asking and investigating the question:
Why this pattern? Why not some other pattern?

3 If there is time, or as the basis of a possible journal task, get participants to look at
questions starting with what would happen if ...7 [See HO6}

1
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A3.1 Why do we need theories?

Brief description

Participants begin to unzavel the assumptions they work from, and to consider the
implications of theories, implicit or explicit, for their practice.

Rationale/aims

This session points to the importance of theory for informed practice. In Section A2.1,
Unlearning to teach numeracy, participants began making explicit the assumptions that shape
their teaching. In this section, participants consider the relevance of theory and use a variety of
approaches to tease out their assumptions further, in preparation for naming and analysing

related theories later in the course.

Preparation

Presenter
Read

Johnston (1995), Siemon (1989) and

Materials needed

Concrete materials
at least 2 cooperative logic problems
from Mathematics: A New Beginning

Allan (1994) or Breaking the Maths Barrier or Get
Participants it Together
Read 7 cups and 20 counters for each group
Which map shall I use? [P3] and Handouts
Knowing and believing is seeing [P4] Metaphors [HO7]
Which map shall I use? [P3]
Time: 1 hour Knowing and believing is seeing [P4]

OHTSs/paper etc.
The present state of maths.JOHT3]

References

Allan, L. 1994, Reflection and Teaching: cooperative workshops to explore your experience,
Adult Literacy Information Office, TAFE NSW, pp. 27-28.

*Cobb, P. 1988, “The tension between theories of learning and instruction in mathematics
education’, Educational Psychologist, Vol. 23, No. 2.

Davis, R., Maher, C . & Noddings, N. (eds) 1990, ‘Constructivist views on teaching and
learning mathematics’, Journal for Research in Mathematics Education, Monograph
No. 4, NCTM, Reston, VA,

Johnston, B. 1995 “Which map shall I use?” Numeracy in Focus, No. 1, pp. 33-37.
Siemon, D. 1989, ‘Knowing and believing is seeing: a constructivist's perspective of change’
in School Mathematics: the challenge to change, N.F. Ellerton & M.A. Clements,

Deakin University Press.
Willis, S. 1989, ‘Real girls don't do maths’: gender and the construction of privilege, Deakin
University Press, p. 72.
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A3.1 Why do we need theories?

Detailed procedure

This session is a small group and whole Group discussion session, in five parts:

—  Looking at boundaries: reflections (30 min)
—  What theories are we already working from? (30 min)
—  Using metaphors and pictures (30 min)
- So, why theory? (15 min)
- Different theories, questions (15 min)

Looking a2t boundaries: reflections
Ask participants, in small groups, to talk about the results of the journal activity related to the
Looking at boundaries case study and discuss the activity as illustration of these points;
~  how they feel about maths and why
~  what assumptions were brought to light in this case stady about maths
and about how they and others leamn it
—  whether these assumptions need to be, or can be challenged
- what implications there are for teaching maths to adults.
A short report can be made from each small group to the whole Group.

What theories are we already working from?

1 Start with the quote, ‘I taught them but they didn't learn.’...
Anyone who teaches has probably faced the situation epitomised by this teacher.
We need to ask:
What is knowledge—especially, but not exclusively, mathematical knowledge?
How do people learn?
And so, what is teaching?
Let's look at some maths we might have learnt and try to tease out some of our
assumptions about these three: students, knowledge and teachers.

2 Boundaries
Participants have already spent time in A2.1 looking at area and perimeter.
Get the Group to distinguish between ways this might have been taught:
-~ probably, for most people, most of the time, as formulas: A=1xb, A =n?
~  in session A2.1, through confronting assumptions, developing conceptual
understanding, but still in a teaching/learning environment
—  howelse? ... perhaps from use in real life contexts, e.g. building a hen-house.

3 Teaching subtraction: Ask the participants to try this one: 73 —46
p 34 © NSDC/Commonwealth of Australia 1995
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0 4  Onthe board, coliect the various ways participants have done the subtraction, and others
they might have used. These should inciude the following (and if not, add them yourself):
—  byrote ... borrow and pay back
— by shuffling numbers ... decomposition

7 - by 'street maths' ... shopkeeper's subtraction

- -~ by estimation

. Discussion points that may emerge

- . Most of us were probably taught it by the borrow—pay back method. Look at this method.

~ Ask participants for reasons why it worked.

\ Emphasise that for many people there are no reasons, or the reasons make a commercial or

: moral sense (‘if you borrow you must pay back') but not a mathematical sense.

_ At some point, perhaps later, show or get a participant to show why in fact there are

0 reasons why it works—equal additions.

— ° Some participants, particularly those under 35 years, will do it by decomposition or

= grouping. Many will recognise it as being the way their children do it.
Do an example, get participants to make up and do another one and to explain to each
other how they have done it. Stress the idea of 'making meaning'.

. Remind participants about how change is counted out in shops (or used to be, before the
machine did it all) or on buses, by complementary addition:

_ 46+ 4 => 50 => means ‘implies’
- +10 => 60
_ +10 => 70 §-
ot +3 => 73 $0 10+10+4+3=27 '
This also makes sense, and allows users to make whatever jumps they are happy with.
0 . Talk about estimation. When would an approximate answer be appropriate?

Using metaphors and pictures to make assumptions explicit ..
1 Start to analyse some of these preceding approaches to learning and teaching by asking ¥
participants to look at the borrow-pay back method of subtraction.
Point out that the method and the rules in this situation are ‘givens’ and ask:
What does the teacher do here? What does the student do?
= (The teacher tells, the student receives.)
What would be a good picture or diagram or metaphor for this kind of learning situation? -

2 Get participants to work in pairs to consider other subtraction methods that have emerged
and the work in the earlier session on Boundaries.
Ask again: What does the teacher do in each situation? What does the student do ?
What would be a good picture or diagram or metaphor for this kind of learning situation?
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Depending on the situation it may be that the teacher tells, facilitates or provokes while the

student receives, discovers Or constructs.
Again, depending on the situation, metaphors might include:
a coin-in-the-slot machine, building or construction, a flower blooming.

Now ask participants to think about their own teaching. One way of becoming more
conscious of our own beliefs is explored in the activity Metaphors [HOT] described by
Laurinda Allan, an ABE teacher in Sydney. Use Steps 2 and 3 of this activity to help
participants develop metaphors for their roles as teachers.

Participants consider the following questions:

Q1 What do you do when you teach?

Q2 What roles do you use when you teach?

03 What metaphors do you associate with these roles?

Share the metaphors amongst the Group. Get participants to discuss these questions:
Which of the metaphors best matches your experiences as a student of maths? as a
numeracy or maths teacher?

Does the same model match your experiences in other areas of knowledge: literacy,

science, history ...7

At the end of the activity, ask participants to answer More questions about metaphors On
the back of Metaphors [HO7], as a possible activity to work on for their journals.

why theory?

Theory often seems irrelevant. To avoid this it is important to reflect on just how theory

and practice affect each other.

In a Group discussion get participants to summarise what they think are the key points of

the reading Which map shall I use? [P3). Include these points:

—  we all have theories, explicit or implicit, whether we admit it or not

- different theories allow or disallow different questions and explanations, and lead to
or exclude different actions

- making our assumptions and theories explicit gives us a chance to choose which to

hang on to, which to discard.

In small groups reconsider the question of maths anxiety discussed in Session A2.2.
Say:

Think about a case of maths anxiety, yours or someone else's. What was the cause of it?
Can you work out what assumptions lie beneath your explanation ?

It may help to ask, Do other subjects engender such anxiety, e.8. history anxiety, art
anxiety, biology anxiety?
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Q 3 Discuss the last question still in small groups. These points may arise:
Perhaps sometimes...reading, writing or spelling anxiety...but mostly not.
The patterns of maths anxiety among individuals are too widespread to be explained as the
fault of those individuals. If we see, as Buerk (1985, p. 67) [HO5/OHT2] suggests, that
maths anxiety is ' the sense of disintegration that occurs when [people cannot] make
meaning', then we have to ask: What is it that prevents so many people from making
meaning? Institutions and their practices must play a part.

4 When the small grouos report back, try to make explicit the two general and contrasting
positions that are held and untangle them:
~  itis the fault of the individual
—  itis the fault of society.

@ Different theories, different questions: maths anxiety, or maths abuse?’
1 Mention that earlier we argued that it is importaut to recognise that different theories allow
or disallow different questions and explanations, and lead to or exclude different actions.
Ask now:
What questions, explanations and actions might arise from these two very different
theories about maths anxiety?

2 Explain that if we shift the focus of explanation from personal inadequacy to the way that
maths and maths teaching are socially constructed then we stop placing our students in the
position of victim and start to critique the system: there is a shift in our assumptions.

We are using a different theory that allows us to ask different questions and to seek

different courses of action.

Ask: If we change our description of the problem from maths anxiety to maths abuse,
O what questions will we ask? What action can we take?

Examples: focusing on changing .
—  what we teach, why we teach it, how we teach, the place of exams...
rather than remediating or blaming individuals for 'not having a mathematical mind'.

3 Show the quote from Australian educator Garth Boomer, The present state of maths...
[OHT3]. What assumptions lie beneath his claims?

4  Finish this activity and discussion by raising these questions for ongoing reflection:
—  What are the assumptions beneath what you are doing?
—  What are the implications for practice, for action?
‘ - What are the implications for how you relate to your students?

"© NSDC/Commonwealth of Australia 1995 - e 5




A : ing ract lumera - 19

A3.2 Curriculum Project 1 - Making meaning Part 1

‘Time required: 3 hours over 2 or 3 weeks. This part takes 1 hour.
Brief description

Participants explore the meanings that they and their students have for the four basic
operations: addition, multiplication, subtraction and division.

Rationale/aims

'Making meaning' is the first of four Curriculum Projects in the course. It is a short project,
giving participants an opportunity to analyse how they and their students use language and
models to make meaning.

By the end of the project the participants should have developed some activities for use with
their students, and should have:

~  an extended repertoire of calculation methods

—  anappreciation of the validity of different methods and

—  familiarity with a variety of materials and language that can model different situations.

Preparation Materials needed
Presenter Concrete materials
Familiarise yourself with Curriculum (for each small group of 4 or 5)
Project 1. 30 counters (15 each of 2 colours )
small set of Cuisenaire rods
Time metric tape measure to use as a
1 hour initially, followed by two more number line
hours in later sessions money
Also, if wanted, MAB blocks, straws
or matches
Handouts

Curriculum project 1: Making meaning
[CP1-1] and The four operations
[CPi-2] both from Curriculum
Projects and Numeracy
Journal section

OHT Making meaning [OHT2]

Procedure

In order for participants to talk to their students, there needs to be a gap of at least a few
days between Part 1, the first hour, and Parts II and III. These later two Parts could be
programmed on the same day, but would probably be more useful if they also were
separated by some days.

Detailed instructions for this part of the Curriculum Project will be found in the
Curriculum Projects and Numeracy Journal section.

S¢
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A4 - Making meaning with symbols

A4.1 Algebra activities

Brief description

Another level of meaning lies in having concrete models for symbols used in, for example,
algebra. In this session participants use non-threatening examples in which everyday

knowledge is translated into algebraic language and visual patterns are expressed as algebraic
generalisations.

Rationale/aims

Algebra is a branch of mathematics that typically causes anxiety. Because symbolic
representation will come up in activities throughout the course it is important that participants
are introduced to this idea in a relaxed fashion in these early stages.

The session also models how to work with different levels in a student group by having
extension material available, and by not having too many questions on a worksheet.
Advanced students can be given more complex problems to tackle.

Preparation Materials needed
Presenter Handouts/OHTs/paper
Photocopy Activity Sheets onto card Activity Sheets ASS to AS11
and cut so that there is only one Squaring with matches [HO8]
question per card. Make one for each Choose a number [HO9]
pair. Making meaning [OHT2]
Concrete materials
Time: 2 hours Maiches, cups, counters or jelly beans,
enough for each small group.
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A4.1 Algebra activities

Detailed procedure

This session involves group discussior: and 3 activities:

-  Issues surrounding algebra (15 min)
- Algebra through domestic situations (30 min)
-  Algebra through patterns (30 min)
- Algebra through physical representation (30 min)
-  Review (15 min)

Issues surrounding algebra
1 Discuss the whole issue of aigebra with participants. Ask participants questions like:
Think for a minute ... who can remember ...
their first experiences of algebra at school?
ANY experiences of algebra at school?
How was it introduced?
How was it explained?
Raise and discuss issues as they arise such as:
° Was algebra meaningful?
° What methods were used to teach it?
. Was there any hands on materials used?
. Was it related to everyday or real situations?
. Did it cause maths anxiety?

2 Refer back to the model for meaning making on Making meaning {OHT2] and discuss
where and in what ways the traditional teaching of algebra matched this model.

3 Introduce the aim of this section which is to look at a few of the many ways of giving
meaning to algebra:
- through familiar formulas used in domestic situations
- through patterns
- through physical representation.

Algebra through domestic situations
1 One introduction to algebra, especially to simple formulas, can be through familiar rules
... in this case domestic situations. This is particularly valuable in a women's course.
Do an example or two together.
Making tea:
Who remembers the expression, ‘one for each person and one for the pot'?
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What's it about?
What does it tell you?
Can you write it in words first?
. How can we then translate it iuto symbols?
. What would each of these symbols represent?
Try to encourage people to use meaningful symbols—not x or y.
number of teaspoons of ttea = number of people plus one extra for the pot
=> t = p + 1
that is, t = p+1

Get the group to think of other examples.
Here’s another example of what might emerge:
When cooking rice using the evaporation method, how many cups of water are needed?
A possible answer may be:

2 cups of water for each cup of rice means

cups of water double the number of cups of rice

=> w = 2 X r

that is w = 2r
Some other possibilities are:
- number of potatoes related to the number of people for a dinner
- money needed for some adults to go to the movies related to the number of people.
Try to get the examples for formulas from participants’ input, but write them as a Group.
In each case tell participants to substitute some sample numbers to check if the answers,
using their formulas, make sense.

Give out algebra cards from AS8 and AS9, At home with algebra numbered 1 to 4—one
at a time—and ask participants to try them in pairs. Ask them to write a formula to
represent the situation illustrated in each example using first words and then symbols.
Give out more only as they finish each one.

Note: Question 4 can provoke discussion about conventions for writing symbolic
notation, especially for division which often causes confusion.
For example the following are equivalent modes of writing the same thing:

C=(F-30)+2 or
=3 (F-30) or

F-30

C= 2
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In addition, use the session to discuss how the format of the activity atiempts to alleviate
anxiety by not giving out worksheets with lots of problems on them.

They are handed out one at a time, with others available only when participants (or
students) are ready for further challenge.

Extension activities can be used as well.

Algebra through patterns
Another way of introducing algebra is to use patterns and number relationships.

Give out Squaring with matches [HO8], and ask participants to work out how many
matches are needed for each of the shapes. Ask them to look for any patierns in their
answers and see if they can generalise the answers for the tenth and one hundredth figures
without working them out.

Ask if they can write out a rule in their own words which generalises how many matches
are needed. Then get them to discuss how to write it in symbolic form. Encourage ail
participants, including any maths teachers, to write a description in words first, and
secondly represent it in meaningful symbols.

Discuss as a group and highlight how patterns were used to develop the relationship and
to describe the relationship in words before writing it in symbolic form.
Ask:
Were all the final relationships the same?
How did each of you think it through?
The same thought processes? Different processes—same results?
Discuss any proposal from participants if they come up with different ways of getting the
result. An obvious one might be:
Start with one match, and then for each square you need to add three more matches.
(Use m = number of matches and p = number of squares in pattern)
number of matches one match plus three times the number of squares
=> m 1 + 3 X p
=> m 1+3p

Note: As you progress through this session remember to point out and discuss the various
conventions of writing algebra, such as with the conversion from Fahrenheit to Celsius in the
previous section. In this case you could discuss the convention of leaving out the X sign in
multiplication. It is highly likely that many participants themselves will be anxious about
algebra, and all participants should be sensitive to this throughout the session.

60
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‘ 4 Give out Activity Sheets AS10 to AS12 with Writing your own rules Numbers I to 5,
one at a time, for participants to work on in pairs. Use Numbers 4 and 5 only for those
participants who finish the first three activities. '
Remind any maths teachers who feel comfortable with algebra themselves to think about
how and when they might use such activities with their own ABE students.
Could they adapt the activities? Can they think of other examples?

Algebra through physical representation

1 Explain that another level of meaning lies in having concrete models for the symbols used
in algebra. Adapt the activity in the Harold Jacobs’ extract Choose a number [HO9] to
demonstrate this. Before using the box and circle as signs, start with cups and counters to
represent, more concretely, the unknown and known numbers.

’ 2 Ask the participants to:
choose a number ... add 5 ... double the result ... subtract four ... ; _
divide by two ... subtract the number they first thought of '
Tell them that you know the answer they have is 3. Magic! Now to unravel the mystery!

. —
3 Demonstrate how this must always be true, using cups with counters or jelly beans, as
below. A cup represents the number a participant has thought of (and nobody else knov's _
what this is) and a counter represents 1. —
choose a number E :
add 5 G e o 0o o o E
‘ double the result E L A
~ subtrac: four : E o oo
_ divide by two @ e o o
subtract the number first thought of LRI

and the answer is 3!

4 Return to the instructions and draw them with boxes and ciccles, describing them as
shorthand for the concrete inaterials,
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Get participants to work on Choose a number [F109] in pairs or small groups, using cups ’
and counters as well, =

Review

1

Revisit the model of making meaning. In the algebra activities covered, what parts of the
model have we visited? What connections have been made? How does this compare with
our earlier comments on the introduction and teaching of algebra in a traditional setting?
Anyway you can connect algebra to models, to the real world and to language (rather than
leaving it unconnected) will be an improvement on traditional practice and will help
students to make some meaning from algebra.

Ask:

How do you now feel about algebra?

How does this relate to the needs of your students? Q
Have any of you introduced or taught algebra in other meaningful ways?

Discuss any comments and feedback.

You may like to give participants some references for resources that encourage and

support this style of approach to the teaching of algebra.

Some examples are:

—  Access to Algebra by Ian Lowe

—~  Some Beginnings in Algebra by Beth Marr, 1995, Northern Metropolitan College
of TAFE (additional material to Mathematics: A New Beginning)

—~  algebra blocks and tiles.

62
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A4 2 Currlculum Pro_]ect 1- Maklng meaning Part 2

Time
This is the second part of CP1 and takes 1 hour.
Detailed procedure

Detailed instructions for this part of the Curriculum Project will be found in the Curriculum
Projects and Numeracy Journal section.
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AS5- Making meanmg from counting o
systems

A5.1 Curriculum Project 1 — Making meaning Part 3

Time
This is the third part of CP1 and takes 1 hour.
Detailed procedure

Detailed instructions for this part of the Curriculum Project will be found in the Curriculum
Projects and Numeracy Journal section.

i
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L] AS5.2 Why count? and how?

A.. Exploring. practice

Brief description

Participants begin to explore the structure of 'our’ Hindu-Arabic number system and consider
teaching strategies that enhance the making of meaning in mathematics.

Rationale/aims

= Lack of understanding of how place value works in our number system underlies much of the
: failure that adults have experienced at school.

This session and the next aim to give participants time to become familiar with the
fundamental ideas of number base and place value. This is done initially by giving participants
R a glimpse of another number sysiem and thus of the idea that things could be different, that

= number systems, like mathematics more generally, are responses to particular cultural needs

) G and material circumstances.
K Preparation Materials needed
i Presenter and Participants Concrete materials
i Read books and extracts describing other
Kearins (1991) [P5] numeration systems, e.g. Hogben
3 (1936), Shan & Bailey (1991)
Time: 1 hour Handouts and paper
Filling the gaps [HO10]
The word for five [HO11]
: Why count? [HO12]
~ Number experience [P5]
OHTs
Counting [OHT4}
) References
’ *Duckworth, E. 1987, “Teaching as research’, in E. Duckworth, The Having of Wonderful

Ideas and Other Essays on Teaching and Learning, Teachers College Press, New York.

*Kearins, J. 1991, ‘Number experience and performance in Australian Aboriginal and
Western children’, in Language in mathematical education, K. Durkin & B. Shire (eds),
Open University Press, London.
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A5.2 Why count" and how"

Detailed procedure

This section consists of an introductory excursion, a view of some other number systems, and a
discussion on why people count:

- The word for five... (15 min)

- Lookmg at other number systems (30 min)

- Why do we count? (15 min)

Tell participants that the point of this session and the next is for them to woik on some
mathematics and, while doing so, to consider what general factors might help them or their
students to make sense of what they are doing.

The word for five....

1 Before telling participants that the session is about counting systems hand out Filling the
gaps [HO10] and ask them how they would fill in the gaps on the dotted lines.
If some people do this quickly, you could ask them to develop a code for writing the
words in shorthand.
When everybody has had a chance to fill in the gaps, check that they all have the same
answers, and ask: Whar do you think these words are?

After some discussion of possibilities, tell participants that this is an Aboriginal
numeration system, belonging to the Gumatj people, one of many different Aboriginal
numeration systems. Show how it works by using fingers and hands:

one, two, three, four, one hand, one hand and one, one hand and two etc.

Explain the system as being a base-5 system. Ask:

Why do you think they counted in lots of five?

What do you think the word "rulu’ might mean? (possibly ‘hand’ or ‘pile’)
What base do we use? Why? (ten = 2 hands)

What other counting systems do you know of?

What bases do they use ?(feet and inches, Babylonian base 60, hours/minutes)

Give out and read The word for five [HO9] and discuss the analogous use of the word
‘foot’ in our measuring system—used here until recently and still used in the USA.
Get participants to develop a code or shorthand way to write these long words.

There are many possibilities.

The most formal mathematical one would be to writc something like this:

1, 2,3, 4, 105, 115, 125, 135, 145, 205, 215 and so on

where the subscrint 5 indicates that we are using 5 as the counting base, i.e. base 5.
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0 Locking at other number systems

Share out books and materials so that participants can investigate other number systems,
and how they are constructed, e.g. Babylonian, Egyptian, Chinese, Mayan, Roman.

Ask: What bases do they have? Why?
ten for fingers; twenty for fingers and toes
sixty as a fraction of 360, the (approximate) number of days in a year

Ask: Why are they written the way they are? How were they written?
Babylonian: stamped with a triangular stick on clay
Roman: adapted from finger signs, e.g. 3 as Il showing 3 fingers held up
5 as V representing the whole hand held up.

Ask: Do they all have place value? That is, does it matter to the value of the whole
number WHERE (in what PLACE) each symbol is located?

Mayan, late Roman, Hindu-Arabic: ‘yes’,

early Roman: ‘no’

(when 9 was written xiiii, and ix meant the same as Xi, both represented what we call 1 1)

Ask: How many symbols does each system need to count to 202 100? 1000? infinity?
Roman: 3, 5, 7, infinity Babylonian: 2, 2, ?, ?
Mayan: 3, 3,3,3 Hindu- Arabic: 10, 10, 10, 10

Why is the Hindu-Arabic system so good? Does it have disadvantages?
Points that may arise:

disadvantages — it needs a jot of symbols even to count to low numbers like 20
— you have to know basic number combinations to work it properly.
advantages — no conceivable number needs more than ten digits

— very large numbers are written with (comparatively) few digits
— calculations are very efficient in terms of space and effort

Why do we count?

Get participants to discuss in small groups the questions on Counting [OHT4):
. What do we count? . Why do we count?

. What don't we count? ° Do all societies count?
After a few minutes, hand out Why count? [HO12] to read and stimulate discussion.

With the large Group, discuss the issues involved and conclude with the point that
societies develop number systems—and mathematics generally—that meet their needs.
Describe the article ‘Number experience’ by Kearins [P5] as an example.
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AS5.3 Operating 'our' number system: a beginning

Brief description

Participants explore the structure of ‘our’ Hindu-Arabic number system in operating numbers
equal to or larger than one.

Rationale

Lack of understanding of how place value works in our number system underlies much of the
failure that adults have experienced at school. In the last session, participants considered
briefly the question of why we count. In this session they go on to begin to explore the
structure of the Hindu-Arabic system by using concrete material (o mode! numbers and
operations on numbers larger than one.

Preparation Materials needed

Presenter Concrete materials

Read and prepare materials for straws, rubber bands, etc.

Activity 4.3 Modelling place value: (materials as used for Activity 4.3 in
addition and subtraction from Breaking Breaking the Maths Barrier, pp. 179~
the Maths Barrier, pp. 179-186. 186)

Handouts

Time: | hour Using straw models [P9]

References

Goddard, R., Marr, B. & Martin, J. 1991, Strength in Numbers, Adult Community and
Further Education, Victoria.

Marr, B. & Helme, S. 1987, Mathematics: A New Beginning, Northern Metropolitan College
of TAFE, Victoria.

Marr, B. & Helme, S. 1991, Breaking the Maths Barrier, DEET.

Marr, B., Tout, D. & Anderson, C. 1994, Numeracy on the Line, National Automotive
Industry Training Board.




BDetailed procedure

Exploring 'our' Hindu-Arabic numeration system
1 Mention briefly that ‘our' numeration system is known as the ‘Hindu-Arabic’ system,
because of its historical origina.

2 Ask participants to complete Activity 4.3 Modelling place value: addition and subtraction
[P9] in small groups.
Participants who are already familiar with the activity and/or the use of straws could be
asked to develop a new game along the lines of Game 36.

3 At the completion of the activity ask participants to share their thoughts on the use of the
straws, and on any issues that arose about place value.
If other methods of teaching about place value come up, discuss them briefly, but let
participants know that the next session will be looking further at this issue.
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A6 Strategies for making meaning

A6.1 Operating the number system: a confinuation

Brief description

Participants continue to explore the structure of ‘our’ Hindu-Arabic number system and
consider teaching strategies that enhance the making of meaning in mathematics.

Rationale/aims

In the last session, participants worked with one concrete material to model piace value and
operations on whole numbers. In this session, participants use a wider variety of materials
and also consider decimal fractions. They conclude by trying to tease out teaching strategies
that have helped in making meaningful the maths learnt in this session.

Preparation Materials needed
Presenter and Participants Concrete materials
Read Base 10 Multi-Arithmetic Blocks
Duckworth 1986 [P6] (1 set per group of 4)
coloured counters
Time: 1.5 hours (five colours, 20 of each)
several different abacuses
Handouts

Multiple embodiments [HO13]
Coloured counters [AS12]

Dienes blocks.... MAB blocks [AS13]
The abacus [AS14]

What about little numbers? [HO14]
Teaching as research {P6].

References

* Duckworth, E. 1987, ‘Teaching as research’, in E. Duckworth, ‘The Having of Wonderful

gc{ieal.(s and Other Essays on Teaching and Learning’, Teachers College Press, New
ork.

Goddard, R., Marr, B. & Martin, J. 1991, Strength in Numbers, Adult Community and
Further Education Board, Victoria.

Marr, B. & Helme, S. 1987, Mathematics: A New Beginning, Northern Metropolitan College
of TAFE, Victoria.

Marr, B., Tout, D. & Anderson, C. 1994, Numerucy on the Line, National Automotive
Industry Training Board.

Thierig% J., Hatherly, S. & McLeod, J. 1992, Teaching Vocational Mathematics, NCVER,

elaide.
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A6.1 Operating the number system: a continuation

Detailed procedure

This session consists of a class activity, a small group activity and 2 Group discussion:

Building meaning—how do we do it? (15 min)
Multiple embodiments (30 min)
. And what about little numbers? (45 min)

Building meaning—how do we do it?

1 Discuss Teaching as research [P6], asking participants:
What two elements of teaching does Eleanor Duckworth describe in detail? Why does she
think they are important? Do you agree?

2 Brainstorm these questions:
What strategies do you use to do this?
What strategies have been used here in the course that have worked for you?
What strategies don't work for you or your students?
Some of the points that may arise include:
- taking into consideration the physical needs and learning styles of students
- organising the student group and teac.ing room—comparing probable effects of
formal and informal settings
—  engaging the learners by using intriguing or relevant material
—  making connections to historical origins and/or social issues
—  using a variety of materials including concrete and pictorial materials
—  employing a variety of teaching approaches
—  teaching meta-sirategies, e.g. how to soive problems

Multiple embodiments

1 Put out cn tables materials that model place value, including counters, abacuses and MAB
base 10 blocks (and other bases if available).

2 Get participants to go around the room using the MAB blocks and at least one other type
of material to try out the questions on the accompanying worksheets:
Coloured counters [AS12]
Dienes blocks.... MAB blocks [AS13]
The abacus [AS14]
Your role is to circulate, asking questions that help participants to model appropriately.

1= 4
(e
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Conclude with a Group discussion, showing how the addition would be done with the
three materials. Extract from the participants the differences between the three sorts of
materials, including the straws.

. Bundled straws are excellent to begin with, making a clear model of tens and units,
showing that one bundle is in fact ten units. They are not so good when more places
are necessary with larger numbers.

. MAB blocks are slightly more abstract, in that ‘trading’ rather than bundling is
necessary, and they make an excellent model for large and small numbers. They are
the next stage towards treating ten as a single object. The 'long' can still be seen to
be worth 10 units, but it cannot be decomposed.

. Coloured counters are even more abstract, in that the 'ten’ is now replaced by one
object that is identical in size and shape-—only colour is different. Like coins, one is
arbitrarily said to e ‘worth' ten of another. The relationship between the counters is
no longer visible, but must be remembered.

. The traditional abacus is quite abstract, in that the beads are identical in size, shape
and colour and are distinguished only by their position or place. They are not s0
good for developing the concept of place value, but are excellent for reinforcing it
and for carrying out more complex operations.

Ask: Would you use a variety of different materials for teaching place value and the four
operations? Or would you stick to one type of material?
Hand out Multiple embodiments [HO13] and discuss.

And what about little numbers?

1

Use one set of materials—possibly the MAB blocks are best—to show the upwards
growth of decimal numbers, starting with a unit and increasing by a factor of 10 each tiiae.

When you reach the large cube, 1000, ask: Need we stop here?

Show how you can then visualise a ‘large long’, a ‘large flat’, a ‘very large cube’ (1 m3
or 1 metre cubed, equivalent to 1 000 000 units or ‘small cubes’), a ‘huge long’, a ‘huge
flat'—and so on for ever. Point out that we have been collecting bundies of ten.

Ask: What happens if we break everything down into ten bits instead?

Start with the large cube, break it into ten flats, break a flat into ten longs, a long into ten
units and ask: What now? Do we have to stop here?

Show how you can visualise the small cube being sliced into ten ‘small flats’, each small
flat being sliced into ten ‘small longs’, each small long being sliced into ten ‘tiny cubes’
(...sawdust!)

— and need we stop there?

p 54
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Point out that theoretically, if not practically, the system goes on for ever in both
directions reaching very, very large numbers—as large as you like—and very, very small
numbers—as small as you need.

Using the large cube to represent 1, get participants to use the MAB blocks to make 0.1,
0.01, 0.001...

Give participants What about little numbers? [HO14] and get them to do the first question,
using MAB blocks.

If there is time, ask them to complete the worksheet.

Otherwise, they might like to consider the other questions in their journal.

To conclude the activity, make sure that participants are aware of the variety of resources
available to explore decimal fractions further, with their students, in particular:

Numeracy on the Line and

Maths: a new beginning.
There is also material on decimal concepts in a resource for teachers, Teaching Vocational
Mathematics, Thiering et al. 1992, NCVER (especially chapter 5).
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A6.2 Language as a tool

Brief description

Participants consider how language can be used to make meaning in mathematics, and review
what other meaning making tools have been discussed in Module A.

Rationale/aims

Language permeates our lives, at home or at work, and in this section we consider some ways
that we can use it to enhance the process of learning to be numerate. The smphasis here is on
language for numeracy. Later in the course we will look at how numeracy is implicated in
literacy. This section engages participants in an analysis of sorae ways in which the use of
talk and a variety of ways of representing concepts can help the learning process.

Preparation Materials needed
Presenter and Participants Concrete materials >
Read some old and current textbooks with
Boomer (1986) [P8] and definitions of fractions
Lesley's story [P7] Handouts
From catechism to communication:
Time: 1 hour language, learning and

mathematics.[P8]
Lesley's story [P7]
Murdering the innocents [HO13]
Talking about fractions [HO16]

References

* Boomer, G. 1986, ‘From catechism to communication: language, learning and
mathematics’, Australian Mathematics Teacher, Vol. 42, pp. 2-7.
Tout, D. 1995, ‘Leftovers: some lessons learnt’, Numeracy in Focus, No. 1, pp. 20-23.

7
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age as a tool

Detailed procedure

This session begins with a story, and is followed by an activity designed so that several of the
principles spelt out by Boomer in From catechism to communication: language, learning and
mathematics [P8] can emerge in the discussion following the activity.

- Lesley's story (15 min)
- Exploriitg fractions (30 min)
- Tatk, play, write, argue, negotiate, reflect (15 min)

Lesley's story
Discuss the division problem in Lesley's story [P7], the way Lesley did it and particularly the
implications of language use.

Exploring fractions
1 Divide the participants into small groups and ask them to come up with a definition of a
‘fraction’, using everyday language.

2 Share the definitions as a large Group and then return the discussion to the small groups
who will refine the definitions.
The role of the Presenter here is to cizculate among the groups ‘asking sticky questions to
encourage them to be more explicit” (Boomer).

3 Getthe groups to find some other definitions of ‘fraction’, e.g. in Frankenstein, and
traditional textbooks, and compare their own with them.
@ Suggest that they rewrite any definitions from the texts if they feel they are too formal.

4 Next, get participants within their small groups to show each other how they would teach
fraction multiplication, using as the example-é— X % .

After a few minutes give participants Talking about fractions [HO16] to work through.

Talk, play, write, argue, negotiate, reflect

1 Participants have already read From catechism to communication: language, learning and
mathematicy [P8]. Refer to the use of Vygotsky's theory in the article, and ask:
What is the core of what Boomer (using Vygotsky) is arguing?

Extract these points:
-+ the teacher must find a variety of ways to connect the learner's ‘spontaneous’
@ concepts to more ‘formal’ concepts ry :
(Y
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understanding of new ideas is enhanced by wide use of language, and a variety of
representations of the idea.

Discuss:

Which of Boomer's 8 principles did we use in earlier activities?

Points might include:

. transformation: We transformed the symbolic process of multiplication into a
diagram illustrating a concrete situation.
sranslation - We converted some of the definitions of a fraction into our own words;
we tried to translate other people's ways of multiplying fractions and relate them to
our own;
in Talking about fractions we translated the formal symbols and words (X and
multiplication) into everyday words like ‘lots of” allowing connections to be made
between formal, school language and more familiar ‘spontaneous’ understandings.
guessing/mypothesising : in Lesley's story, the learner's explanations helped the
teacher to start from where the learner was.
withholding, and asking questions : while the participants made up their definitions,
the presenter asked sticky questions. '
collaboration and formulating in talk and writing : participants shared their ideas on
a number of occasions, and the talking allowed negotiation of meaning to occur,
e.g. for the concept of ‘fraction’.

Ask:
Which of these techniques did you find helpful yourself?
Which do you think your students might benefit from?

Possible journal activity

Suggest that participants might use this activity as a springboard for a journal entry.

They could take some concept that their students have trouble with, e.g. ratio, percentage,
division, square root ... and try applying Boomer's principles to develop some activities
that would help students connect formal and ‘spontaneous’ understandings.

If there is time, you might finish by reading Murdering the innocents [HO15] as an
example of what happens when the split between ‘spontaneous’ and formal definitions is
extreme.

™
{ U
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V%A Exploring practice

& A6.3 Constructing meaning in practice: a review

Brief description

_ Participants review issues and strategies involved in constructing meaning in mathematics that
have been discussed in Module A.

Rationale/aims

_. In this session the participants review the issues and strategies which are involved in
constructing meaning in mathematics and which have been discussed so far.

. Preparation Materials needed

Presenter Concrete materials
Making meaning [HOS from A2.2]
G Participants Metaphors [HO7 from A3.1)
OHT
e Time: 30 min Making meaning [OHT2 from A2.2]
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A6.3 Constructing meaning in practice: a review

Detailed procedure

1

Returning to Lesley's Story (Session A6.2) point out that

—  stdents usually do have some meaning for what they do

—  lack of meaning leads to anxiety

—  itis our job as teachers to help students build structure and meaning.

Ask: In the last few sessions, what teaching strategies were used to make the concept of
place value and base 10 more meaningful? What other strategies might we have used?
Other strategies could include:

- discussion of the way that people from a different culture count

~  discussion of the purposes of counting

—~  use of a variety of concrete materials to model concepts

-~ connecting appropriate language to the modelling process

- recording the modelling process appropriately

- making connections to place value used in students’ lives

~ encouraging talk

—  using a variety of learning sitaations: individual, small group, large Group.

Discuss the fact that these could all be summarised by the phrase 'making connections’:
- connections to concrete materials

- connections to language and symbols

- connections 0 cultural, historical and everyday contexts.

Use the OHT Making meaning {OHT2 from A2.2] to illustrate this.

Possible journal activity

Choose another topic, e.g. percentages, graphs, probability, and focus on a particular
student group and consider how to use some of the above strategies to begin thinking
about how to plan a teaching session.

D1. -uss which strategies you have found most useful and helpful for yourself and/or for
your students.

In pairs, ask the participants to discuss the metaphors they developed in session A3.l.
Do the metaphors describe - the way you see yourself currently teaching?

—  the way you would like to teach?
In what way are the things you do, the roles you perform and the metaphors you use
different in a) and b)? (See Metaphors [HO7]in A3.1.)

Refer participants to References for Module A [I—iO 17y
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List of readings

P = Participants’ materials for them to read in advance

Make copies of the following readings and distribute them before the course begins or when
indicated in Module A Presenter’s Notes. (There are no readings supplied in Module A
Resources.)

P1 « Math anxiety defined

‘Math anxiety defined: what is it and how do I know if I have it?’, chapter 1 in C.
Oxreider & J. Ray 1982, Your number's up, Addison-Wesley, USA.

Mathematics anxiety

‘Mathematics anxiety: misconceptions about learning mathematics’, chapter 1 in M.
Frankenstein 1989, Relearning Mathematics: a different third R—radical mathematics,
Free Association Press, London.

Knowing and believing is seeing

Siemon, D. 1989, ‘Knowing and believing is seeing: a constructivist's perspective of
change’ in N.F. Ellerton & M.A. Clements 1989, School Mathematics: the challenge
to change, Deakin University, Geelong.

Number experience

Kearins, J. 1991, ‘Number experience and performance in Australian Aboriginal and
Western children’, in K. Durkin & B. Shire (eds), Language in Mathematical
Education, Open University Press, London.

* Teaching as research
‘Teaching as research’, chapter 10 in E. Duckworth 1987, The Having of Wonderful
Ideas and Other Essays on Teaching and Learning, Teachers College Press, New Yok

#* From catechism to communication: language, learning and

mathematics

Boomer, G. 1986, From catechism to communication: language, learning and

mathematics, Address to the Australian Association of Mathematics Teachers,

Brisbane, pp. 2-7;

—  reproduced in Inservice Program for ALBE Personnel, Module 5, ‘Language in
ALBE teaching and learning’, pp. 170-177

—  and in Numeracy and How We Learn, pp. 12-19.

Using straw models
Activity 4.3 ‘Modelling place value: addition and subtraction’ in S. Helme & B. Marr
1991, Breaking the Maths Barrier, pp. 179-186.

* These extracts are available in Johnston, B. (ed.) 1992, Reclaiming Mathematics, DEET.

The following readings do not have to be sapplied as they are available in Numeracy in Focus,
which participants are advised to purchase from ALIO or ARIS before the course begins.

P3 Which map shall I use?
Johnston, B. 1995, ‘Which map shall I use? Numeracy in Focus, No. 1, pp. 33-37.

P7 Lesley's story
Tout, D. 1995, ‘Leftovers-some lessons learnt’, Numeracy in Focus, No. 1, pp. 20-23.
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y Experiences of Maths OHT1

R

What I remember most about maths ...

My maths teachers were ...

When I have to use maths nowadays ...

When I think about being a
numeracy teacher ...

A good numeracy teacher would ...

82
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Outline of the ANT Course Y% HO1

page 1

Adult Numeracy Teaching:
making meaning in mathematics

Welcome

Welcome to.4dult Numeracy Teaching: making meaning in mathematics. It is an 84 hour
training course designed to train and support. teachers in the teaching of adult numeracy and
mathematics in the Adult Literacy and Basic Education classrcom.

Adult Numeracy Teaching (ANT) is an initiative of the National Staff Development Committee
for Vocational Education and Training, Melbourne.

The primary aim of ANT is to blend theory and practice about teaching and learning adult
numeracy within a context of doing and investigating some mathematics, whilst developing a
critical appreciation of the place of mathematics in society. The mathematics content taught and
explored will be familiar to some participants, and less so to others. The focus however will
always be on understanding how the material might best be learnt by Adult Basic Education
students.

The course has been developed by the Centre for Language and Literacy at the University of
Technology, Sydney (UTS) in conjunction with the Adult Basic Education Resource and
Information Service (ARIS) at the Victorian Office of the National Languages and Literacy

Institute of Australia (NLLIA), and a team of experienced adult numeracy teachers and trainers
from NSW and Victoria.

Assessment
Throughout the course you will be expected to:
~  maintain a written journal reflecting on the content of the course and teaching implications;

-~ complete an action trial applying material from the course in a classroom (Curriculum
Project 1);

—  investigate an aspect of mathematics either for your own mathematical development or for
application in the classroom (Curriculum Project 2);

- design and develop teaching or curriculum materials (Curriculum Project 3);
- design and develop an assessment task (Curriculum Project 4); and
—  generally contribute to course activities and discussions.

Time is given in the course for working on some of the assessmen: tasks, including giving
presentations to the group.
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Course structure

module

issues & investigations

Module A:
Exploring
practice

Al: YOU AND NUMERACY
- introductions and maths autobiographies
— issues in numeracy

A2: UNLEARNING ABOUT MATHS
— unlearning maths:; a case study
- maths abuse and anxiety

A3: WHY THEORY?
— why theory? do we need theories

CURRICULUM PROJECT 1 ~ Making meaning, Part 1

Ad4: MAKING MEANING WITH SYMBOLS
— algebra activities

CURRICULUM PROJECT | — Making meaning, Part 2

AS5: MAKING MEANING FROM COUNTING
SYSTEMS

CURRICULUM PROJECT 1 — Making meaning, Part 3
— why count? and how?
- operating ‘our’ number system: a beginning

A6: STRATEGIES FOR MAKING MEANING
~ operating the number system: a continuation
— language as a tool
- constructing meaning in practice: a review

(58]

18 h

Module B:
Maths as a
human
construction

B1: SHAPING THE WORLD
— shaping our world
- filling space
— the patchwork connection
- mostly Pythagoras

B2: CIRCLES AND CULTURE
— problem solving siations
- investigating pi

B3: PROBLEM SOLVING
- problem solving—problem posing
- effects of scale and shape

B4: MODELLING OUR WORLD
- measuring the coastline/fractals
— maps and models
~ mindmaps: a review

CURRICULUM PROJECT 2: Exploring maths




Course structure

% HO1

page 3

Module C:
Mathematics
critical tool

C1: BEING CRITICAL ABOUT MATHS
as a — being critical about number
— reflecting on and negotiating your learning

C2: BEING CRITICAL ABOUT LEARNING
— looking at learners
— street maths, school maths

C3: A NEGOTIATED INTERVAL
- achoice of topics

C4: MATHS MYTHS AND REALITIES
— why learn maths? why be numerate?
- curriculum planning and meeting student needs

C5: EXCAVYATING MATHS
— who learns? who berefits? a maths excavation
— resourcing numeracy
- critical literacy, critical numeracy
— excavating mathematics

C6: CURRICULUM PROJECT 3: Developing a
critical view

27 b

Module D:

implications
practice

D1: AND SO TO THEORY

Naming theories: - naming the theories

for ~ for example: technology

D2: IMPLICATIONS FOR TEACHING
— case studies: constructivist and critical
— alesson on measurement

D3: IMPLICATIONS FOR ASSESSMENT
— assessment alternatives

CURRICULUM PROJECT 4 - Assessment tool, Part 1

D4: THEORY AND PRACTICE: CLGSING THE
GAP

CURRICULUM PROJECT 4 - Assessment trol, Part 2
- theory into practice

DS5: AND SO WHAT IS NUMERACY?
- the chance of numeracy
- towards numeracy

w

15h |

TOTAL:

84 h

o
(@4}
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Poster

So, what is maths? I can’t get very far with the answer. X have
heard maths spoken of as a language. I can’t imaging it.
Language is personal. Language cairies thought forward,
discovers thought, creates thought. Whatever it is I know as
maths doesn’t do those things.

PSETIIHAT 0:0 ¥OU PUT DOWKR FOR
THE TRIRC QUEATICN 5’@ -

Many adults, while not certain of
what maths really is, feel that the
subject is simply beyond their
reach ... They incdividuaily believe
qur THE QUESTION WS WOW | l Q THOUEAT WIwBE T i3 I that they can’t ‘do’ maths.

i

!

<

e s FTESN Tns st & 2 en e Perhaps they have been told they

don’t have a ‘mathematical mind’,

or that only ‘smart’ people can

understand it. They are made to @
feel inferior in a system which

falsely equates maths performance

with the more elusive concept of

overall intelligence.
] F( TRUE... TRUE... \ MAA
TRUE... TRUE.. m? WHAT DO WE DO IF |
FALSE..TRUE... _.I) We COME ACROSS |

4

A HALF-TRUTY?

80
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@ Poster .'2" AS2

On the eighth day, God created mathematics. He took stainless steel, and rolled it out
thin, and he made it into a fence, forty cubits high, and infinite cubits long. And on
this fence, in fair capitals, he did print zales, theorerus, axioms, and pointed reminders:
‘Invert and multiply’; ‘The square on the hypotenuse is three decibels louder than
the sound of one hand clapping’; ‘Always do what is in the parentheses first’. And
when he finished, he said, ‘On one side of this fence will reside those who are good at
maths, and on the other will remain those who are bad at maths, and woe unto them,
for they shall weep and gnash their teeth.’

HOU KNOW WHAT [ THINK | | IF § ASKED 40U KW
HOU HAVE, SIR 7 HOU HAVE | | MANY WAYS TUAT NINE
* MATH ANXIETY” .,4 IBO0KS COULD 8E ALEAN

n

SEE7 40U HAVE | 4
¥ AT ANKETYY) |

A Poem
Jan Elnar Nordgreen

to an excellent math teacher

- you taugiii me to

> factorise any expression
away from my face of curiosity

: & you taught me to

manipulate linear equations
= making the left side of my brain equal to the right side

you taught me to

= find the right solution
: to problems | did not have
4 vou taught me to

integrate functions
but not those most in need of integration

g you taught me to
— draw a given line
;: between my own feelings and mathematics

you were an excellent maths teacher
| just another slow learner
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Poster 9 A3

e No-one, I hope, imagines that Shakespeare is so highly treasured because he had

' assiduously practised handwriting, and surely not because of his effcrtlessly accurate

spelling ... Yet somehow in school mathematics it is as if we have chosen to discard or
) ignore all of the challenges and excitement and thought that nake wp the essential

part of mathematics, and to teach instead only a few rules for writing some symbaols on

naper. We behave like a teacher of literature who has stadents work only on

- punctuation.

If anyone asked me what makes me truly happy, I would say:

numbers ... And do you know why? ... Because the number system
is like human life. First you have the natural numbers. The ones that
are whole and positive. The numbers of the small child. But human
' consciousness expands. The child discovers longing, and do you
know what the mathematical expression is for longing? ... The
negative numbers. The formalisation of the feeling that you are
missing something. And human consciousness expands and grows
even more, and the child discovers the in-between spaces ...

Mathematics

_ the word has been
known
i to conjure up
U love hate
delight despair
= recreation anxiety
Jjoy Jear
Mathematics
is a variety of
subjec:s
and ideas @
restricted only

by our imagination by our imagination

Mathematics touches
so much of our lives

of our world — of our universe —

art, nature,

music, science,
history, architecture, .

eCoOnomics, literature. ’

Mathematics is

everywhere, a pastime,

a recreation, conundrums,
games, puzzles,
problems, solutions,

a way of thinking a way of thinking

Theoni Pappas © 1991
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Poster

< AS4

1 have found tisat the vitality and immediacy of the classroom counstantly reminds
me that while I might. be s ccg in thie education system, I 2am at the front line of
the learning process and therefore in a position of power. My methodology can
be erther an expression of my power, or a means for my students to gain power

aver the worla ...

HE'LL PASS IF HE RETAINS
AT LEAST HALF OF iT =

\{

For so long, learners in mathematics B
classrooms have been socialised to '
believe that their own experience,
concerns, curiosity and purposes are not
important. Mathematics is seen as being
devoid of meaning, bearing no
relevance either to their everyday
experience, or to the pertinent issues of
their societies. Learning mathematics for
these studenis partakes more of the
nature of obedience than of
understandirg.

P L

N R
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Poster

Teac

< AS

In a class discussion on subtraction, a student was talking about
borrowing and paying back. I asked him why he did that.

He said, ‘That’s the rule.’ I asked him why the rule said that.

‘It just does,’ he replied. ‘It’s the rule I was taught.’

‘But why?” I asked again. He looked at me very seriously and asked,
“You mean there’s a reason?’

TURN THE SECOND
FRACTION UPSIDE DowwuN

ers

‘... how can you possibly award prizes when everybody
missed the target?’ said Alice. ‘Well,” said the Queen,
‘some missed more than others and we have a fine normal
distribution of misses which means we can forget about

the target.’
Teacher: ‘Do you know what volume means?’
Student: ‘Yes.’
Teacher: ‘Could you explain to me what it means?’
Student: ‘Yes, it's what is on the knob on the TV set.’
90
p 72 © NSDC/Commonwealth of Australia 1995




L) Poster + AS6

The history of mathematics is like some pastiche of school history. It’s all kings and

queens except in our case it’s just kings: Euclid, Fibonacci, Descartes, Pascal,

Newton. Where is the social history of mathematics? These people did not just jump

out of a bath tub or from a gaming table and start having amazing insights. They

created mathematics which echoed the concerns of the society around them. The

= patrons of Galileo ... were in the business of wiping out fellow human beings with
the help of more accurate siege gun trajectories. There is blood on the face of

mathematics.

'\ Tie HISTRY of THE

o ARMS
R O apuclel .
i Tatks

. Though scientific histories of the past two hundred years
have ignored or have been reluctant to admit the association,
— mathematics has drawn inspiration and nourishment

from business, from religion, from law, from war, from politics,

from ethics, from gambling, from metaphysics,

from mysticism, from ritual, from play
(look at what a mathematical thing the children's game of hopscotch is),
and not just from a ‘sanitised’ physical science
app:oved by positivism.

gt
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Poster

Not to put too fine a point on it,
the present state of mathematics is a threat to democracy.
Too many are denied full access to it, too many fail it
and too many come to rely o. those few who have been initiated.
Human dignity is undermined by
the submerged guilt about inadequacy that
resides with so many of our citizens.

WHAT'S THE POINT IN ME
BEING AT SCHoOL 7

HAVE FAILURES ?

The mere fact that the student is learning maths skills is not necessarily evidence
that educating is occurring, since it is possible to learn in ways that hinder the
exercise of the intellect, emotion, imagination, judgmeat and action ...

women can't

IF you Said that

239 himes o minule
you'd be Speaking at
o rafe of 5-9 words
per second
AND
you'd SHIl be Wrongl
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Learning and teaching maths Y HO2

Learning and teaching mathematics
... case study notes ...

As teachers, you bring to your teaching assumptions about content and pedagogy in
whatever subject you teach. In an effort to tease out some of these assumptions in
relation to maths, and to examine them, we would like you to participate in a case
study: of yourself, predominantly, and of one other adult, as well.

The purpose of the case-study is not for you to be either a model learner or a model
teacher at this point; in fact discords will probably be more productive than
harmonies. What we do want you to do, through a discussion of your experiences in
this case study as learner and teacher, is to reflect on what mathematics is, how you
and others learn it, how you feel about it and why, and what implications this has for
teaching maths to adults. Can you tease out your assumptions? other peoples'? can
you trace their origins? do they stand firm as you examine them closely?

Write up your reflections briefly in your journal, so that in one of the next sessions
you can share your problems and insights with the rest of the group.




The central question we are looking at is:

If you have a fixed length of fencing with which to fence around a
garden, does it matter what shape the garden is? Will the garden have
the same total amount of area for planting no matter what shape you
make it?

Without going into mathematical justifications what do you think the answer is?
Now go straight to question 2. We will return to this one later.

Let's look here at some related questions.

Let's suppose everyone in the class has some fencing, not necessarily the same
length, and is going to use it make a fenced-in garden.

The following discussion takes place. First decide quickly by yourself whether
you agree or disagree with the statements. Then try to come to a consensus
within your group. Be sure that everyone in the group is convinced by the
group decisions.

Lee: If I use more fencing than you then my garden will be biggzr than
yours.

Soheila:  If I know what the area of my garden is, then I can work out how
much fencing I'll need.

Chris: If you make a rectangular garden, I can always make another one
with the same length of fencing but with a larger area.

So, let's go back to the original question.

What do you think now? Why?

Can you convince others? (What does convincing involve? Is it the same as
proving?)

Does your answer make sense to you? (What sort of sense? mathematical?
real-world?)

And now, before the next session, we would like you to use this activity, and
what you have learnt in it, to teach these concepts to some other adult—
preferably not an "expert” at maths. During one of the next sessions there will
be time to discuss with others in the class your reflections on this whole process
of learning and teaching, in an effort to tease out some of your assumptions in
relation to maths.

34
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and where to now?

If you want to go on with another related question, take 2 identical sheets of
paper and roll them to make two different cylinders.

Are they the same size? (How is this a related question? How is it similar, or
different? What could 'size' mean?)
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Talking about maths anxiety ¥ HO4

On the eighth day, God created mathematics. He took stainless steel, and rolled it out
thin, and he made it into a fence, forty cubits high, and infinite cubits long. And on
this fence, in fair capitals, he did print rules, theorems, axioms, and pointed reminders:
"Invert and Multiply," "The square on the hypotenuse is three decibels louder than
the sound of one hand clapping,” "Always do what is in the parentheses first. " And
when he finished, he said, "On one side of this fence will reside those who are good at
maths, and on the other will remain those who are bad at maths, and woe unto thewn,
for they shall weep and gnash their teeth.”

Buerk 1985, p. 128

I remember "learning” to divide fractions. We were taught this rule: "invert the second
fraction, then multiply." We were told it was very easy because we already "knew"
how to multiply fractions, and dividing had just one extra step. 1 couldn't do it. The
teacher "explained” again, but couldn't understand my confusion ... I pretended to be
"coming down with something", to cover my deficiency. Maths was my favourite
subject, but I felt then that I would never really understand it again.

Webber 1988, p. 69

... My memories of maths at school, was that it was a construction that other people
made for me and of me, but that I never shared myself with ... and because I feel like I
was mimicking and that things were not coming from within then I have always had a
very deep feeling of being found out one day, that one day the axe would fall down.

Marie, an ABE teacher *

... that's the only course that I've done that has in any sense come from me and
touched me and it marked quite a profound personal shift ... my first experience of
that—of knowing in general and quite specifically in maths—was with the maths
anxiety workshop and the handshake problem ... and this whole revelation, that it has
a basis in concrete experience; that is if I understand the reality of it then I don't need
to know the rules because [ can just get there again ... I could get back to the formula!

Marie, an ABE teacher *

* in Johnston 1992
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Making meaning | % HOS
OHT?2

...anxiety is
‘the sense of disintegration which occurs
when a meaning-making organism
finds itself
unable to make meaning’.

Buerk 1985, p. 67

. creating connections ...
. constructing meaning ...

real world

}

model

language < +» symbols
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Looking for patterns ... % HO6

Maths is not just a matter of number, of comparing, counting, measuring, or even of
space. It is also a matter of relarion—of stating how things stand in relation to each
other. These 'things' may be numbers or their representatives (y = x?+2x + 1) and
they mostly are, but they don't have to be. (Sweet peas are a subset of flowers; Town
Hall is between Wynyard and Central.)

Mathematicians find pattern in the world (Pythagoras and musical octaves); they find
pattern in numbers (Karl Gauss’ pattern that helped him add the first hundred and
the first thousand numbers); they find pattern in pattern (adding 9s, adding 8s,
adding 7s). A strange compulsion. Against mess, towards tidiness? A mirror of the
world, but how? The world is hardly tidy. A violent abstraction? Squeezing life into
neat moulds? How come the patterns fit?

Let's look at the patterns of the 9x table:
I this just a jumble of numbers or are there patterns?

9 left hand column: 1 23 45 6 7 89
18 righthandcolumn: 9 8 7 6 5 4 3 2 10
27 So, as the left goes up, the right goes down.

what else? 18 and 81; 27 and 72; 36 and 63, and so on
81 and look at those pairs:

90 they are all combinations of numbers that add up to 9:
1+8,6+3,4+5...

Does the pattern keep going? What about 99, 108, 117?
1+0+8=9,1+1+7=9
but 9 + 9 = 18 ... we've lost the pattern ... or have we?
e After all, 9+ 9 =18, but 1 + 8 =9, so in the end we still get to 9. ‘
i Will it keep on working?
Will the digits of a multiple of 9 always add up to 9? Why ?

So if y90u start with 9 and keep adding 9, it seems the digits of the answers add
up to 9.

What happens if you start with 8, or 5 or 4 and keep adding 9?

Is there a similar pattern?

What happens if you start with 8, say, and keep on adding 8 instead of 9?
How is the pattern different?

What if you ...?
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The present state of maths OHT3

Not to put too fine a point on it,
the present state of mathematics
1s a threat to democracy.
Too many are denied full access to it,
too many fail it
and too many come to rely on
those few who have been initiated.
Human dignity is undermined by
the submerged guilt about inadequacy that

resides with so many of our citizens.

Boomer 1986, p. 7
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Metaphors

Technique 3: Metaphors

I What are they?

The Heinemann Australian Dictionary defines metaphor as ‘a figure of speech in
which one thing is identified with another’. Example: ‘he was a tower of strength
during the crisis’.

R

Teachers often unconsciously use metaphors to describe their teaching:

N

« I hate having to be a police officer.
o Sometimes I'm more of a mother than a teacher.

If used consciously, metaphors can illuminate teaching practice. They provide a
— contrast to the usual ways teachers would describe themselves. They invite the use of Q
- intuition and imagination, developing new frameworks that reflect individually.

Questions to Consider
= Q1 What do you do when you teach?

For example: Teaching context—a literacy class
I listen, observe, question, negotiate, demonstrate, encourage, provide
resources, mediate, organise, offer suggestions, encourage students to identify
; their goals, ask for feedback, help students, focus, draw out students’
- understanding, set up learning activities ...

Q2 What roles do you use when you teach?
What roles encompass the actions you have listed?

- Continuing the above example:
organiser, mediator, evaluator, observer, negotiator, ‘teacher’, resource

- previder.

(3 What metaphors(s) do you associate with these roles?

Continuing the above example:
I see myself as the producer of a film, with the student as director.
The student decides on the direction for the film and I provide the resources
§ and advice necessary to achieve this.
— I also see myself as a counsellor, listening, questioning, developing a learning
: environment in which the student constructs their own learning.

Adapted from Allan 1994, pp. 27 8.
100 )
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Journal Entry

To answer Questions 4-6, reflect on your responses to Questions 1-3 in relation to
your teaching.

Q4 Do these roles and metaphors represent what you do, or what you want to do,
or a mix of both?

The aim of this question is to clarify what your metaphors represent. When you
first develop metaphors for your teaching, it is often difficult to work out
whether they represent what it is you actually do in your teaching, or your
ideals or goals. It doesn’t matter which of these your metaphors represent. It is
important that you know what your metaphors are describing. It may take some
time to work this out.

Do your roles and metaphors change when the context changes?

Depending on the teaching context, you may find one set of roles and
metaphors insufficient. You may wish to develop different roles and metaphors
for particular contexts, e.g. team teaching with a trade or industry class, and a
numeracy class.

What roles and metaphors do your students see in your teaching?
Ask your students!

This can give you some fascinating feedback, and your students may wish to
explore the use of metaphors in their own lives.

101
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At home with algebra % ASS

A person selling paintings at the Esplanade market on
Sundays sells the paintings for $25 each.
She pays $75 to rent the stall.

Write a formula to express how much money she
takes home, showing a connection between how
much money she takes home and the number of
painting she sells.

A TV repair person charges $75 per hour for labour
and $50 attendance fee for an on-site call.

Write a formula to express how much you would
pay for house calls of different lengths.

102
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At home with algebra

3 The number of cetective novels Liz needs to last

her for her holiday is one for eve:. two days and
one extra.

Write a formula for the number of books Liz needs for
a holiday.

You have a favourite old cookbook where oven
temperatures are still given in degrees Fahrenheit.
A rough method to find out the number of degrees
Celsius is to take off 30 degrees from the degrees
Fahrenheit and then halve the answer.

Write a formula for changing degrees
Fahrenheit into degrees Celsius
using this rough method.

123
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Squaring with matches

Can you work out how many matches you need to make each of the following
shapes?

Shape: Number of matches:

Without drawing it, can you predict the number of matches for fen squares?

What about for one hundred squares?

Can you find a rule (in your own words) which generalises how many matches
you need?

Can you write the rule in symbols?
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WRITING YOUR OWN RULES—1

Can you find a rule (in your own words) which generalises how many matches you
need for the 4th shape, Sth, ... 10th, ... 100th shape?

Ist 2nd 3rd

Can you translate the rule into symbols?

WRITING YOUR OWN RULES—2

Can you find a rule (in your own words) which generalises how many matches
you need for the 4th shape, Sth, ... 10th, ... 100th shape?

Ist 2nd

Can you translate the rule into symbols?
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Writing your own rules

WHRITING YOUR OWN RULES—3

Can you find a rule (in your own words) which generalises how many matches you
need for the 4th shape, Sth, ... 10th, ... 100th shape?

ist 2nd

Can you translate the rule into symbols?

WRITING YOUR OWN RULES—4

Can you find a rule (in your own words) which generalises how many dots you need
for the 4th shape, Sth, ... 10th, ... 100th shape?
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© NSDC/Commonwealth of Australia 1985




Choose a number

The following number trick is illustrated with two different numbers.
Proofs are shown with boxes and dots and with algebraic symbols.
Use your curs and counters or jelly beans to follow the steps.

Step: Examples
Choose a number 5

Multiply by three 15
Add six 21
Divide by three

Subtract the number
you first thought of

The answer is 2.

Proofs

L]
0
[ ][] ecsecee

(] ee

For each of the following number tricks use your cups and counters or jelly beans to
work out the answer. Write out the proofs as in the above example.

Choose a number

Add three

Multiply by two

Add four

Divide by two

Subtract the number
first thought of

The result is

Choose a number

Add the next larger number

Add seven

Halve it

Subtract the number first
thought of

The result is

17

Choose a number

Doubie it

Add nine

Add the number first
thought of

Divide by three

Add four

Subtract the number first
thought of

The result is

Choose a number

Triple it

Add the number one larger than
the number first thought of

Add eleven

Divide by four

Subtract three

The result is

Adapted from Jacobs 1982, pp. 40-41
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Filling the gaps ...

wanganny

marrma

lurrkun

dambumiriw

wanganny rulu

wanganny rulu ga wanganny
wanganny rulu ga marrma
wanganny rulu ga lurrkun
wanganny rulu ga dambumiriw
marrma rulu

marrma rulu ga wanganny
marima rulu ga marrma

marrma rulu ga dambumiriw
lurikun rulu

lurrkun relu ga wanganny
lurrkun rulu ga marrma
lurtkun rulu ga lurrkun
lurrkun rulu ga dambumiriw

dambumiriw rulu ga wanganny
dambumiriw rulu ga marrma
dambumiriw rulu ga lurrkun
dambumiriw rulu ga dambumiriw
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The word for five ...

The rich and interesting field of Australian Aboriginal and Torres Strait Islander
mathematical concepts has been generally ignored by anthropolcgists, linguists and
other researchers. Some mathematical knowledge has been lost forever, particularly
where English or English-derived terms have replaced traditional terms. Much
knowledge remains however, where traditional languages are still spoken, and much
can still be studied by those who are prepared to question the false and misleading
generalisations in the literature ... Researchers, not all of them in the past, have
generally taken absence of verbalisation to mean absence of counting, so we find the
literature full of false statements:

... in various ... parts of Australia, the natives show habitual uncertainty as
to the number of fingers they have on a single hand. [Smith 1923:7]

Q Smith obtained his information on Australia from Crawford(1863).
It is easy to see how, with poor ethnology and preconceived low expectations this
misconception was reached. In many Aboriginal languages the word for five is
“hand’. Asked how many fingers they have, apart from finding it a stupid question
i (who doesn't know that?), these Aboriginal people would hold up five fingers. This
_ would not be accepted by the researcher who would try to elicit a verbal response,
which could only be hand. It is the researcher who is ignorant, not the informant ...

Harris, J. 1987, ‘Australian Aboriginal and Islander Mathematics’,
Australian Aboriginal Studies, 2
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Why count...?

Counting, says Denny*, serves as a way of ‘apprehending objects which cannot be
perceptually or conceptuaily identified’.

He describes a court case about land rights where an Inuit hunter was unable to say
how many rivers were in the disputed area, a failure which was taken by the
opposition as clear evidence that the man was unfamiliar with the region. In fact, the
man probably knew the actuality of each river, of each bend of each river. There was
no use in knowing the number of them. The point of the story, says Denny, is that

we count things when we are ignorant of their individual identity—this can
arise when we don't have enough experience of the objects, when there are
too many of them to know individually, or when they are all the same, none of
which conditions obtain very often for a hunter ... [whereas] articles in
industrial society often cannot be individualised because they are identical—
all one can do is count.

* Denny, J.P. 1986, ‘Cultural ecology of mathematics: Ojibway and Inuit hunters’ in
M. Closs (ed.) Native American Mathematics, University of Texas Press, Austin.

110
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Counting OHT4

Counting

What things do we count?
What things do we not count?
Why do we count?

Do all societies count?




Coloured counters < AS12 8

How could you use these counters to represent 3757

(Think about how coins of 3 different sizes could be used to represent $3.75.)

Now, underneath 375, represent 847.

Can you use the counters to add 375 and 8477

Can you use the counters to multiply

112

— © NSDC/Commonwealth of Australia 1995




It N T e

Dienes blocks .. MAB blocks % AS13

How could you use these blocks to represent 375?

Now, next to 375, represent 847.

Can you use the blocks to add 375 and 8477

Can you use the blocks to multiply 3 x 247
10 x 247
40 x 247
43 x 247

Can you use the blocks for this division 42 + 37

and this one ... 420 + 10?
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The' abacus $+ AS14 ®

How could you use the abacus to represent 375?

Now represent 847.

Can you use the abacus to add 375 and 847?

Can you use the abacus to subtract 347 - 2357
814 - 5777

Can you use the abacus to multiply 3 x 247
10 x 24?7
40 x 247
43 x 247

i

114
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Multiple embodiments % HO13

page 1

From Fuys & Tischler 1979, Teaching Mathematics in the Elementary School, p. 208,
© Little, Brown & Co., Boston..

The use of different types of materials is justified by what Zoltan Dienes calls the
multiple embodiments principle. Dienes maintains that children are better able to form
the abstraction behind an operation if they experience it in various models (or in
multiple embodiments) and that this broad experience will help children to transfer
their leaning of the operation from these classroom situations to other new situations.
Most commercial textbook series appear to accept this principle, because different
types of materials for number and operations on numbers are pictured. However, this
principle may not apply to all children. For certain learning-disabled children a variety
of embodiments may create confusion that gets in the way of learning the operations.
Mathematics programs for such children may concentrate almost exclusively on one
material and on one set of procedures of acting out problems involving basic facts ...

You have seen that there are many available materials with which children can
illustrate number. (the following are examples: chips, coins and dollar bills, abacus,
pebbles in bags, bundles of sticks, wooden multi base blocks, squared material, bean
sticks, beans, and the three on page 318.) ...

In the activities in this chapter, you begar by using coloured chips as a model for
place value, and then later used structured materials (multi base blocks or squared
material). However, other sequences may be better for children. They may find it
easier to begin with some material that they themselves can form into groups (such as
a grouping material), then go onto a material that is already formed, but that shows
the relationship between pieces (such as a structured material), and finally use the
more abstract place-value models, such as colour chips, an abacus, or a place-value
chart.

Could you play exchange games (in base ten) with all of the materials listed above? If
not, which materials would not be suitable?

Some models are much less convenient for exchange games with three places because
the model for 100 is unwieldy (for example, pebbles in bags) but we certainly could
play the two-place game with any of these models, provided that each child has
sufficient materials. Is it desirable or even feasible to use all 13 of these models with a
second grade class? Is it desirable to use one model exclusively?

Many teachers give their students experience with several different models, chosen
carefully to suit the children’s preferences, the class budge, and available storage
space. A teacher might keep materials for exchange games in separate boxes—with
directions inside each one—where each box uses different materials, perhaps chips, or
coins, or play money, or cuisenaire rods, or bean sticks. Then children could choose
the game they prefer or be directed to a new box if they need more experience with
the corresponding model for place value. There are, however, more fundamental
reasons for offering a variety of models for place value, or multiple embodiments.




1|

% HO13

page 2

1 Individual differences in learning style. One child may find a given material
useful for learning a topic, while another may not. One second grader might
attach manning to two-digit numerals through multi base blocks, while another
might find it easier to use a grouping material such as bundles of sticks (perhaps
because he has not had enough experience grouping). Thus, using several
different types of materials for a topic enables the teacher to reach all of the

pupils in the class more effectively.

2 Transfer of learning. Transfer means the ability to apply some knowledge of
process in a new situation. The use of multiple embodiments facilitates transfer
of learning. For example, experiences with coloured chips may help children to
understand coinage, while multi base locks may help them to understand the
relation between metric units (centimetre and decimetre).

3 Extension to other mathematical topics. Which material, multi base blocks or an
abacus, is more suitable for showing the number 12,5427

It is very difficult to use the multi base blocks to show large numbers, while an abacus
provides a convenient model. However, decimals such as 1.32 can be represented
easily with multi base blocks, while children find an abacus a more difficult model for
this concept. A fifth grade teacher who was teaching decimals and large numbers
might wish that his students had used both embodiments in earlier grades, because he

could then build on this prior experience.

11g

~© NSDC/Commonwealih of Australia 1995




What about little numbers? % HO14

Without using concrete materials, arrange the following numbers in order
of magnitude:

0.09 0.3 0.064 0.007 0.25 0.150 0.07

Now show how you would use MAB blocks
—  to check your answer, or
—  to help a student grasp the meaning of this task.

With the blocks, model and find the answer to
372+ 5.53
5.53-3.72
3x3.72 3 lots of 3.72
3x0.372

How could you use the blocks to model 0.1 x 0.3 ?

You might start by saying ...
—  What about 10 x 0.3 ... is that any easier to think about?
- Yes,OK, 10lots of 0.3 ...
- Well, whatis 0.1 x 0.3 then?

A 0.1 lotof0.3...atenthof 0.3 ?
So make 0.3 ... 3 flats ... and what is a tenth of them?

A tenth of each flatis a long ...0.01
So, a tenth or a 0.1 lot of 3 flats is 3 longs ... 0.03!

4  Can you extend this to model 0.4 x 0.3?

5  How could you think about and model 1.5 divided by 0.3 ?
or divided by 0.03 ?
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Murdering the innocents

The One Thing Needful

Charles Dickens, Hard Times, 1985 edition,
© Penguin Classics, London, pp. 47-50.

Thomas Gradgrind, sir. A man of realities. A man of facts and calculations. A man
who proceeds upon the principle that two and two are four, and nothing over, and
who is not to be talked into allowing for anything over. Thomas Gradgrind, sir—
peremptorily Thomas—Thomas Gradgrind. With a rule and a pair of scales, and the
multiplication table always in his pocket, sir, ready to weigh and measure any parcel
of human nature, and tell you exactly what it comes to. It is a mere question of
figures, a case of simple arithmetic. You might hope to get some other nonsensical
belief into the heart of George Gradgrind, or Augustus Gradgrind, or John Gradgrind,
or Joseph Gradgrind (all suppositions, non-existent persons), but into the head of
Thomas Gradgrind—no, sir!

In such terms Mr Gradgrind always mentally introduced himself, whether to his
private circle of acquaintance, or to the public in general. In such terms, no doubt,
substituting the words ‘boys and girls’, for ‘sir’. Thomas Gradgrind now presented
Thomas Gradgrind to the little pitchers before him, who were to be filled so full of
facts.

Indeed, as he eagerly sparkled at them from the cellarage before mentioned, he
seemed a kind of cannon loaded to the muzzle with facts, and prepared to blow them
clean out of the regions of childhood at one discharge. He seemed a galvanising
apparatus, too, charged with a grim mechanical substitute for the tender young
imagination’s that were to be stunned away.

‘Girl number twenty,” said Mr Gradgrind, squarely pointing with his square
forefinger, ‘I don’t know that girl. Who is that girl?’

‘Sissy Jupe, sir,’” explained number twenty, blushing, standing up, and curtsying.

o ‘Sissy is not a name,’ said Mr Gradgrind. ‘Don’t call yourself Sissy. Call yourself
ecilia.’

‘It’s father as calls me Sissy, sir,” returned the young girl in a trembling voice, and
with another curtsy.

“Then he has no business to do it,” said Mr Gradgrind. ‘Tell him he mustn’t. Cecilia
Jupe. Let me see. What is your father?’

‘He belongs to the horse-riding, if you please, sir.’
Mr Gradgrind frowned, and waved off the objectionable calling with his hand.

‘We don’t want to know anything about that, here. You mustn’t tell us about
that, here. Your father breaks horses, don’t he?’

‘If you please, sir, when they can get any to break, they do break horses in the
ring, sir.’
118
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“You mustn’t tell us about the ring, here. Very well, then. Describe your father as a
horsebreaker. He doctors sick horses, I dare say?’

‘Oh yes, sir.’

E ‘Verv well then. He is a veterinary surgeon, a farrier, and horse breaker. Give me
- your definition of a horse.’

Sissy Jupe thrown into the ~veatest alarm by this demand.

‘Girl number twenty unable to define a horse!” said Mr Gradgrind for the general
behoof of all the pitchers. ‘Girl number twenty possessed of no facts, in reference to
one of the commonest of animals. Some boy’s definition of a horse. Bitzer, yours.’

I o

B e The square finger, moving here and there, lighted suddenly on Bitzer, perhaps

= because he chanced to sit in the same ray of sunlight which, darting in at one of the
— bare windows of the intensely whitewashed room, irradiated Sissy, being at the

] corner of a row on the sunny side. For the boys and girls sat on the face of narrow
interval: and Sissy, being at the corner of a row on the sunny side, came in for the

- beginning of a sunbeam, of which Bitzer, being at the corner of a row on the other
side, a few rows in advance caught the end. But, whereas the girl was so dark-eyed
and dark haired, that she seemed to receive a deeper and more lustrous colour from
the sun, when it shone upon her, the boy was sc light-eyed and light-haired that the
: self-same rays appeared to draw out of him what little colour he ever possessed. His
_. cold eyes would hardly have been immediate contrast with something paler than
thernselves, expressed their form. His short-cropped hair might have been a mere
consternation for the sandy freckles on his forehead and face. His skin was so
unwholesomely defiant in the natural tinge, that he looked as though, if he were cut
he would bleed white.

‘Bitzer,” said Thomas Gradgrind. “Your definition of a horse.’

0 ‘Quadruped. Graminivorous. Forty teeth, namely twenty-four grinders, four eye-
teeth and, twelve incisors. Sheds coat in the spring; in marshy countries, sheds hoofs,
too. Hoofs hard, but requiring to be shod with iron. Age known by marks in meuth.’
Thus and much more, Bitzer.

‘Now girl number twenty,” said Mr Gradgrind. ‘You know what a horse is.’
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Talking about fractions

fractions!

3

= MEANS

(amongst other things)

‘cut your loaf into 7 pieces and take 3’ i.e.

3 3 .
so,2x-_7 is two lots of > e

and what abr;ut —;-x %—? i.e. ahalf lotof —:7-5:- ?

well, here is %

shade in % of it

So, what have we done?
This is the same as cutting the ioaf into 14 pieces
and taking 3 of them i.e.

3
or 37

i
At ’
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Module B: ® P
Maths as a human construction

Nominal time: 24 hours

Brief description

Participants think about how people name and use shapes in their worlds, they investigate
aspects of symmetry, mosaics, plane geometry, topology and scale, consider the nature of
maps and models and reflect ou ways of learning and teaching these topics.

Rationale/aims

During the course the participants will be engaged in two mathematical joumneys, in which they

will explore a number of mathematical concepts and ways of thinking. The first journey, O
undertaken here in Module B, consists of five sessions and focuses on ideas of space and shape,

trying to link these with a variety of historical, cultural and natural contexs. The second journey,

woven through the six sessions of Module C, focuses more on the nature of number and how it

is used in our society. The emphasis if: this journey, reflected also in the accompanying

Curriculum Project 2, is on understanding and developing the mathematical concepts. The

emphasis of the second journey, reflected in its accompanying Curriculum Project 3, will be on

how the relevant mathematics is best learnt and taught.

Learning outcomes

Participants should be able to:

s Identify and analyse how mathematics is a human and social construction

. Analyse and apply specific areas of mathematics, and identify teaching and learning
strategies and resources for these specific areas.

Assessment requirements Q

1 Maintain a written, journal of reflections on the content of the module and any teaching
implications. The journal is to comprise personal reflections on the course to be done out
of workshop time, consisting of at least 2 brief informal entries for the module.

2 Complete Curriculum Project 2 (CP2) — Exploring Maths.
CP2 is preferably done as a team activity.
A contract for the content of CP2 is to be negotiated between the participants and course
presenter. CP2 is a mathematical investigation of a mathematical topic of the participants’
choice. It will include planning, exploring the topic, and a presentation to the Group.

Each participant must write their own report (2000-2500 words) of either this curriculum
project or of Curriculum Project 3.

References 13

A bibliographical list of references for this module is given at the end of Resources B [HO22].
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section time development of issues maths
and activities involved
B1 — Shaping the world
Bl.1
Shaping our world 2h snaping our world classification of
playing with mirrors to look at geometric shapes
angles and regular polygons
different worlds angles
B1.2
Filling space lh why do bees make hexagonal cells? angles, polygons
but fitting is not enough area
B1.3
The patchwork lh patchwork samples parallel lines, area,
connection excavating patchwork polygons, angles
Bl.4
Mostly Pythagoras 2h a Pythagorean puzzle right-angled riangks,
cultural connections area, parallel lines,
angles, Pythagoras’
theorem
B2 - Circles and culture
B2.1
Problem solving lh measuring circles
stations etc., estimation,
symmetry,
perimeter, area,
topology
B2.2
Investigating pi 2h tins and circular objects length and area
squaring the circle related to circles
pi in history
B3 - Problem sclving
B3.1
Problem solving ... lh the handshake problem problem solving,

problem posing

B3.2
Effects of scale and 2h

problem solving strategies

why do babies dehydrate faster than

algebra,
relationships and
pattern

length, area and

shape adults in summer? volume
looking at boundaries in 3-D scale
arranging space modelling
problem solving
124
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B4 — Maps and models

B4.1
Maps and models 2h  — measuring the coastline length, scales, ratios
etc.
fractals, topology
B4.2
Mindmaps: a review 1h

BS5 - Exploring maths

CURRICULUM 9h Currculum Project 2: Exploring maths

PROJECT 2 -

EXPLORING An investigation of a mathematical participants’ choice
MATHS topic of the participants’ choice of topic
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B1 Shaping the world

B1.1 Shaping our world

Brief description

Participants think about how people name shapes in their worlds and investigate aspects of

symmetry.

Rationale/aims

This session is the first stage of the journey looking at mathematical concepts of space and
shape. It gives participants a chance to consider how concepts of shape emerge from
particular cultural needs, how we categorise shapes and how we might analyse their

properties by using ideas of symmelry.

Preparation

Presenter

Read

Naming shapes activity

Participants

Read

EVgat’s so great about regular shapes?
P3]

Time: 2 hours

Materials needed

Concrete materials
For Naming shapes activity:
dictionary
at least ten 5 x 8 cm pieces of
coloured card or paper for each
participant
glue
1 large sheet of paper for each group
of 4 participants
textas—1 for each group of 4
For Mirrors activity
pocket mirrors (rectangular, non-
bevelled edge, about 12 cm x 8
cm, 1 to each pair)
small bits of bright plastic or glass
Or paper
sticky tape
protractors (1 per pair)
butcher's paper or A3 sheets
Handouts
Using symmetry [P1]
The circle and the line [P2)
Naming geometric shapes [HO1]
Names [HO2]
Experimenting with mirrors [HO3]
OHTs/paper
Shaping our worlds [OHT1]




B Maths as g human consiiuetion '+ . “Adult-NumeracyTeaching

B1.1 Shaping our world ®

Detailed procedure

= The session consists of three activities, using a variety of Group and small group organisation

~  Shaping our world (45 min)
7 -  Playing with mirrors {45 min)
- Differen. worlds (30 min)

: Shaping our world
e 1  Remind participants about plane shapes that they encountered in Module A (in Looking at
boundaries, and possibly in one of the cooperative logic problems) and proceed with
activity: Naming geometric shapes [HO1]
% Note: Only use Worksheet 1 [HOL] if there is time. . c

e

g 2 Some extra questions to address. Ask:

Where do the names come from? Give out Names [HO2]

: What is regular about a regular polygon?

What would a regular polygon with a thousand sides look like?

3 And aquick diversion to the similar names and questions for polyhedra.

- What are their names?
: Where do the names come from?
: And what are prisms and pyramids?
_:"f-'_- Some students find it useful to think of a prism as a solid shape that can be sliced into

: identical pieces, the shape of the slice giving its name to the prism.

What is regular about a regular polyhedron?

: What would a polyhedron with a thousand faces look like?

3] Are prisms and pyramids regular?

Playing with mirrors
1 This activity involves using a simple kaleidoscope. Give participants a mirror each, and
get them to work in pairs to hinge two mirrors together to make a kaleidoscope.

2 Get the participants to examine their own reflections in the hinged mirrors.
Are they the same as in an ordinary mirror? Why not?

3 Ask pairs of participants to carry out the activity Experimenting with mirrors [HO3].
During this activity individuals or the Group may need advice on how to use protractors.

© NSDC/Commdhwéalth of Australia 1995
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4

Conclude the activity by talking briefly about line and point symmetry. Referring to
Using symmetry [P1] make the point that it is not enough to be able to identify symmetry,
we need also to understand why it is useful.

Different worlds

1

Now ask:

Where do we find examples of these shapes in the everyday world?

Elicit and list suggestions— ‘bricks are rectangular prisms’, ‘roofs are cones or triangular
prisms’—and include (for later reference) ‘bees’ cells are hexagons’.

It is likely that the majority of examples will be human artefacts.

Give out The circle and the line [P2]. Ask half the Group to go through the Davis and
Hersh quote and list the examples of a straight line given there, and the other half to list
the examples of a circle given in the Black Elk quote.

Collect the lists on the board and discuss the differences between them.

The bulk of the examples in the first are of human artefacts, whereas in the second the
majority are from the natural world.

Point out that we have been paying a lot of attention to regular shapes, or at least shapes

with some degree of regularity. Ask:

Do all sociesies have the same interest in geometric shapes?

Address the question by discussing What's so great about regular shapes? [P3].

Bring out the author’s points that the dependence of hunters on wild animals and plants

means that: :

—  they subsist in a relatively unaltered environment with limited need for technology

- in such environment, shapes are irregular and variable and there is a lack of the job
specialisation which is one factor generating the need for geometric (measured,
regular) forms.

Conclude with the point Ascher makes in the last paragraph, Shaping our world [OHT 1]:

‘[Both] writers share their degree of conviction in the rightness of their ideas and support
their view with nature, God, achievement of goals, and proper human development.
Taken separately or together, the statements highlight the fact that geometric ideas are an
integral part of a culture's world view.’

© NSDC/Commonwealth of Australia 1995
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B1.2 Fiiling space

Brief description

Participants tease out some mathematical aspects of mosaics.

Rationale/aims

This session continues the joumey through mathematical concepts of space and shape,

engaging participants in an exploration of cultural and mathematical aspects of tiling, packing
and mosaics.

Preparation Materials needed

Presenter Concrete materials

Bring a book of Escher prints, including set of regular polygons (1 set per pair)
mMosaics [AS1]

Prepare sets of regular polygons {AS1] Handouts/OHTs/paper

Why do bees make hexagonal cells?

Time: 1 hour [HO4j

Hexagon etc. [AS2]

Centimetre grid paper [AS3]

© NSDC/CommonwéaIth of Australia 1996
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B1.2 Filling space

Detailed procedure

This section consists of two activities, with participants working in pairs at first and then
coming together for a Group discussion and conclusion.

-  Why do bees make hexagonal cells? (40 min)

-  But fitting is not enough (20 min)

Why do bees make hexagonal cells?

1 Talk about the question.
Although many regular shapes would be found in the socially constructed environment—
buildings, furniture, roads, clothes, packages—there are some to be found in the natural .
environment. We noted earlier that bees make hexagonal cells, which form a mosaic
pattern. Mosaics, both culturally and naturally occurring, offer a rich field for
mathematical investigations.
Talk briefly about this, about tiling, tessellation and mosaics as patterns of shapes that fill
or cover 2-D space.
Collect from the Group examples of mosaics that they can see or are familiar with.
Ask if there is a 3-D equivalent, and elicit ideas about packaging and examples like
books, blocks, sardines, Toblerone packages, tetrapacks...

2 And now pick up on that throw-away line about bees:

- Well, why do bees make hexagonal cells?
—  Would pentagons work as well?
—  Ortriangles or octagons?

3 Before starting the next activity, suggest that it might be useful if participants could
remember the sum of angles in a triangle. This would be a good time to demonstrate the
relationship, by making a quick triangle, marking its corners, tearing them off and
reassembling them so that they make a straight line.

4 Get participants to work in small groups on Why do bees make hexagonal celis? [HO4].
Ask them to draw diagrams or tessellations on the butcher's paper or A3 sheets of paper.

But fitting is not enough
1 So far we have seen that one reason that bees' cells are hexagonal rather than octagonal or
circular is that hexagons fit together. So we have a partial—mathematical—explanation.

® NSDC/Commonweatth of Australia 1995 ' p 113
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There are probably plenty of other biological understandings that might help too, but even
confiring ourselves to the mathematics, we can go a little further...

Talk about this, and ask—or preferably elicit the question from the participants:

OK, hexagons fit, but so do triangles and squares—and many other less regular shapes—
so why not them?

Suggest, if necessary, that it may be something to do with the space inside—perhaps itis
time for revisiting the area/perimeter question from Looking at boundaries (Section 1.3).

As a Group activity, use Hexagon etc. [AS2] and Centimetre grid paper [AS3] to get
participants to work out the areas of different regular polygons (and the circle) with equal
perimeter. Encourage a variety of ways of counting the squares to find the area. Ask them
to put the shapes in order of size, and to describe what is happening from smallest to
largest, e.8. :

When the perimeters are equal then the more sides the polygon has, the larger its area
(and the circle, as a polygon with infinite sides, is the biggest).

So, why do bees make hexagonal cells?

For a given amount of work and material making wax walls, the circle
gives the most room. But circles don't fit—and what's the best
compromise? Hexagons! Unlike octagons and circles, they fit together, and
compared with triangles and squares which also fit, they have more space
inside.

Show some Escher mosaic designs and discuss why the mosaics fit together, and how
Escher might have designed them.

Finish this session by asking participants to collect and bring in for the next session some
examples of tiling patterns:

—  brick paving

~  examples in nature

- Islamic mosaics

- patchworks etc.

and in particular any information they can find out about patchwork.

131
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B1.3 The patchwork connection

Brief description
Participants use patchwork as a starting point for excavating mathematics.
Rationale/aims

Continuing the focus on tiling and tessellations from Section B1.2, this session involves
participants in developing an awareness of the possibilities of using real world resources for
understanding and teaching mathematics. Using patchwork, participants are encouraged to go
beyond a simple appreciation of the presence of mathematical concepts or techniques (‘look,
there are hexagons here’) to a questioning of that presence (‘why hexagons?’).

Preparation Materials needed

Presenter Concrete materials

Make 2 or 3 copies of each of the strips of paper 5 cm x 30 cm, in at least
resources AS4-AS12 so that there are three different colours or patterns
enough for each small group to have {about 5 ner participant)

two or three each to use in the activity strips of paper 2 x 30 cm, in three
excavating patchwork. different colours or patterns (about 2
Put each group’s set (of two or three) in per participant)

an envelope for ease of distribution in graph paper

the session. Handouts/OHTs/paper
Participants Helpful formulas [AS4]

Bring in any information or examples Transformations [ASS]

they can find about patchwork. Determining yardage [AS6]

Organising design elements [AS7]
Seminole patchwork [AS8]

Time: 1 hour Dividing squares [AS9]

Side triangles [AS10]

Seam allowances [. S11]

Seminole: a patchy. rk technique [HO5)
Excavating patchwork [HO6]

© NSDC/Commonwealth of Australia 1995
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B1.3 The patchwork connection

Detailed procedure

This section consists of a whole group activity, followed by smali group excavations
-  Patchwork samplers (30 min)
—  Excavating patchwork (30 min)

Patchwork samplers

1  Get participants to show briefly the tiling examples they have brought in.
Discuss the aims for this session: that participants will have a chance to excavate
mathematics from a particular real world source.

If anyone has found out information about the origins of patchwork, ask them to share
what they found out. If not, leave this until it emerges in the course of the excavation.

Lead participants through the activity Seminole: a patchwork technique [HOS).
Brainstorm what mathematics might be involved in this activity.

Excavating patchwork
1 Handout the materials on patchwork (AS4-AS12) so that each group has at least two.
Include graph paper with Transformations {AS5] and Dividing squares [AS9].

Also hand out Excavating patchwork [HOG), and set the groups to work.
Encourage participants to share any patchwork information or materials they have brought
in as well. Have graph paper available.

In the last ten minutes, get groups to report back matters of mathematical interest.
Conclude by listing and discussing the possibilities for mathematical exploration—
learning and teaching—that participants have been able to dig out of their different
materials.

For a possible list, see the table on the next page.

Encourage participants to go beyond the construction of the list, from a simple
appreciation of the presence of mathematics: (‘Look, there are hexagons here,’ or “There
are some parallel lines.’)

to a questioning of that presence: (“Why hexagons?’ or “Why parallel lines?’ and ‘How
do you draw them?’).

133
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The maths of patchwork

doing patchwork

length (in metres or yards)

formulas for blocks

cutting out blocks

templates and blocks

assembly of blocks

borders

relevant maths

measurement
estimation
area and perimeter

algebra
order of operations

shapes: squares, triangles etc.
angles )

arcs

grain

stretchable hypotenuse

symmetry: translations, rotations and
reflections

shapes: squares, hexagons etc.

3-D design and colour

scale: enlarging and shrinking

tessellations
parallel lines, angles
logical analysis

perimeter and area

Source: Jynell Mair and Sue Turner, Curriculum Project 2, ANT Pilot Course, 1994

© NSDC/Commonwealth of Australia 1995
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B1.4 Mostly Pythagoras

Brief Description

Participants continue to look at shape and space relationships and investigate a number of
proofs of Pythagoras Theorem and look at some of its uses throughout wistory.

Rationale/aims

The relationships between the sides of a right-angled triangle have been known and used by
many nations over a long period of time, and as seen in the previous session have been
utilised in art as well as in other more practical applications.

This session enables participants to investigate what has become known as Pythagoras
Theorem and to look at a number of physical proofs of the theorem, which will probably be
new to most participants who may have had the theorem presented to them in schoolin a
traditional algebraic way, or who may never have seen a proof atall.

Preparation Materials needed

Presenter Concrete materials

Make enough copies of each of the set squares and rulers

handouts described under Materials SC1880rs

needed so that there are enough for each grid paper (use AS3) or graph paper

small group. Handouts/OHTs/paper

A Pythagorean puzzle [HOT]

Time: 2 hours Makirg your own Pythagorean puzzle
[HOS)

How far does it stretch? [HO9]

Pythagorean pieces [HO10]

Piling up of rectangles [HO11]

The kou ku theorem [HO12]

References

Bronowski, J. 1973, chapter 5, ‘The music of the spheres’, The Ascent of Man, BBC,
London.

Gerdes, Paulus 1988, ‘A widespread decorative motif and the Pythagorean theorem’, For the
Learning of Mathematics, Vol. 8, No. 1, pp. 35-39.

Hogben, Lancelot 1936, Mathematics for the Million, George Allen & Unwin, London, pp.
55-59.

Joseph, George Gheverghese 1991, The Crest of the Peacock: non-European roots of
mathematics, 1.B.Tauris, London, pp. 180-2.

Kolpas, Sidney J. 1992, The Pythagorean Theorem: eight classic proofs, Dale Seymour
Publications
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Detailed preocedure

This section consists mainly of small group activities and investigations.
— A Pythagorean puzzle (1 hour)
—  Cultural connections (1 hour)

A Pythagerean puzzle

1 Introduce the session by explaining that we are going to look at some characteristics of a
right-angled triangle—a shape that has long been used in architecture and building and, as
we have seen in the last session, in art and crafts.

You may need to describe a right-angled triangle and the naming of the hypotenuse.

Give each participant A Pythagorean puzzle [HO7]. Get them to work in small groups of
2 or 3, following the instractions to cut out the shapes in the two squares on the shorter
sides of the triangle and try to make them fit onto the large square on the longest side.
Ask participants to decide what this tells them about the relationship between

—  the areas of the three squares

—  the three sides of the triangles.

Now ask them to see if they can create this puzzle for a right-angled triangle of any size.
This requires an ability to be able to use a set square and ruler to draw parallel lines, so
first of all ask participants to work together to teach each other how to use a set square
and ruler to draw parallel lines.
When they have worked this out, give them Making your own Pythagorean puzzle [HO8]
and ask thein to follow the instructions to construct their own Pythagorean Proof.
After the activity, discuss with participants the wording for the theorem, such as:
‘In a right-angled triangle, the sum of the squares of the legs is equal to the square
of the length of the hypotenuse.’

Cultural connections

1 Hand out How far does it stretch? [HO9] and Pythagorean pieces [HO10]. Refer
participants to other books and articles (see References on previous page).
Discuss them as a Group and look at the historical and cultural uses of the Pythagorean
relationship, and when and where in its usage Pythagoras actually became involved.
Link this to any discussion held in the previous session which looked at the Pythagorean
relationship in art, and when and where it was used.

© NSDC/Commonwealth of Australia 1995
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You could ask participants 10 use a piece of string (ONLY—no rulers etc.) to construct a
right angle on their desk or table.

2  Introduce another method of proving the Pythagorean relationship, a Chinese method
called ‘Piling up the Rectangles’. This is explained in Piling up the Rectangles [HO11].
- The final drewing should look like something like this:

a
At this point it is matter of seeing an area for a2 and b2 and relating this to the area for c2.

This can be seen by moving two of the right-angled triangles from the area for a2 + b2 into
the area for c2as shown below. Note: the tilted square is c2.

/

To

3 Give out The kou ku theorem [HO12] as a summing up of some of the Chinese proofs.

Finish the session by discussing the imnortance of the Pythagorean theorem and its place
in history and culture. Relate the discussion to the traditional way that Pythagoras has
been treated in the traditional maths classroom. Discuss how the material covered in this
session could be used in an ALBE teaching/learning context.

—p 120 — © NSDC/Commonwealth of Australia 1995
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B2 Circles and culture

B2.1 Problem solving stations

Brief description

Participants tackle some problems about spatial relations, focused around circles, and engage
briefly with some topological puzzles.

Rationale/aims

By using a number of problem solving activities as stations, this session allows the
participants to encounter a variety of situations, and to use a variety of problem solving
strategies. Participants will be able to refer back to some of these strategies when they analyse
problem solving in more detail in Section B4.1. The activities introduce participants to-—or
remind them of—a number of spatial relationships, some geometrical (around the theme of the
circle), some topological.

Preparation Materials needed

Presenter Concrete materials

Read As specified under instructions for each
O'Shaughnessy (1983) station.
Prepare the materials for the stations.

Time: 1 hour

Reference

O'Shaughnessy, L. 1983, ‘Putting God back in math’, The Mathematical Intelligencer, Vol.
5, No, 4, pp. 76-717.

Taylor, E. & Giftard Huckstep, S. 1992, Taking on Technology: a manual for technology
education, Women in Engineering, University of Technology, Sydney.
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B2.1 Problem solving stations

Detailed procedure

In this section participants circulate around the room, engaging in the different problems posed
by the six posters which have been placed around the walls, with appropriate materials nearby.
Your task is to circulate also, giving support and asking questions.
Try to ensure that most participants engage in most of the activities:

1 heads and tennis balls 4  atwistaside

2 sheep in a hole 5 symmetry

3 handcuffs 6 getting square

Station 1: Heads and tennis balls
Materials
Heads and tennis balls [AS12] poster 3-ball tennis can
string 3 tennis balls
scissors
Debriefing
A lot of people make an estimate of about 6 or 7. Why?
~  We haven't much practice at estimating circular distances.
The circumference is a bit more than 3 times the diameter of a ball.
~  Isthis just peculiar to tennis balls? What about cans ... cups?
Talk about pi.

Station 2: Sheep in a hole
Materials
Sheep in a hole [AS13] poster
scissors and small pieces of paper: about half of A4 (i.e. AS)
Debriefing and development
If you're stuck try ...

Go back to boundary issues:

with a given area (the paper) what is the longest perimeter to contain it?

Related and fascinating issues are Measuring the coastline and The pathological
snowflake which will be investigated in Section B3.1.

Note that the perimeter can be indefinitely (infinitely) extended, but the area is limited.

1 ~ © NSDC/Commonwealth of Australia 1995
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0 Station 3: Handcuffs
Materials
Handcuffs [AS14] poster
6 pieces of siring, about 1m long, tied with loops at either end
and for a hint, a bangle
Debriefing and development
Practise this! If you are stuck, try these first:

Questions to ask as participants try it, if they are getting frustrated:

Can you try it with one loop and the bangle first?

If you have two closed interlocking circles can you separate them? (no)

Do you see these as two closed interlocking circles? (probably)

Can you see them in any other way?

What assumptions are you making? (probably that the wrist oops are tight)

This is a branch of mathematics known as topology (topo-logy = discussion of shape and
form) where measurement is not important as it is in geometry (geo-metry = measurement
of the earth). Also symmetry (sym-metry = same measurement), lengths, areas and the
size of angles don't matter. The things that do are: open/closed curves, junctions,
inside/outside, ordering. An example is children's early drawings which are more
topological than geometrical in nature:

<— Legs and arms are not proportional,
but joins are in the right place more or less, and
faces are represented by closed curves, and
eyes and mouth are inside that closed circle.

\ It is only later that the more proportional
drawing develops.

We cannot solve the handcuffs problem as long as we see the arms with the cuffs as
forming two linked closed circles, since two such circles cannot be unjoined without
cutting. So we then must look further, and see that they are not simply two linked circles,
but loops within links...
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Station 4: A twist a side

Materials
A twist a side [AS15] poster - pencils
strips of paper scissors

Debriefing and development

Another topological puzzle, because again the properties we are interested in are not to do
with measurement but to do with open/closed, inside/outside, joining.

Ask: Is there a use for this Mobius strip?

Some conveyor belts and some audio tapes are made as Mobius strips because the twist
gives a loop with one face and one edge only and so makes possible a more even use of
the whole belt or tape (Jacobs, 1982 pp. 603-608).

Ask if any participants are aware of other uses.

The Escher illustration of the ant on the Mobius strip might be interesting.

Station 5: Symmetry

Materials

Symmetry {AS16] poster hole punches

rubbish bin sheets of paper (about 10 cm square)
Debriefing

This activity links back to Playing with mirrors [Section B.1}.

In a plane, shapes can have line symmetry or rotational symmetry or both. All these ones
have line symmetry, obtained by folding, sometimes several times.

How many lines of symmetry does each have?

Station 6: Getting square
Materials
Getting square [AS17] poster
scissors
shapes to cut out
Debriefing and development
Use Maths: a new beginning [MM1-MMS5] for notes about the concept and measurement
of area and connect it back to work with mosaics in the previous session.
Emphasise the point that if you can link unfamiliar situations (like these shapes) to
familiar ones (like the square), then you have more tools at your disposal for analysis, in
this case for working out area.
Ask them to discuss, for instance, once we know how to work out the area of a rectangle,
could we use this to work out the area of other shapes, e.g. triangle, parallelogram?
Use a cut out shape, or a diagram.
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Start with a parallelogram and ask:

Can we cut this to make a rectangle?

So what is the area of the parallelogram?

Start with a triangle which is not right-angled and ask:

If we had two of these could we make a parallelogram?

And from that could we make a rectangle?

So, how could we work out the area of the triangle?

Start with a regular polygon. Ask:

Can we use what we know now about triangles to work out the area of the polygon?

Debriefing the stations

1

Spend a few minutes talking with participants about their strategies for working out what
to do, the general problem solving strategies that they found useful, or not useful, in
these activities and others like them: cooperative puzzles, the mirror investigation etc.
Suggest that participants might find it helpful to collect a list of useful strategies in their
journal. These might include:

— cooperate ~ look for patterns

— talk —have a rest

— read carefully — organise information

— use concrete materials or diagrams — model

— guess, check and improve your guess — simplify the problem

Next, debrief all or a selection of the problems encountered, according to your interests

and the interests of the Group.

Some suggestions for this are included with the notes on each station.

Try to include some discussion of at least the first three stations.

Here are the important ideas to get across are in this session.

. We have been taught to think about geo-metrical (measurement) properties of
shapes: pi, area, angles, symmetry.
But topological (non-metrical) properties are also interesting—order, junctions,
inside-outside.

Finally, spend a few minutes discussing how the activities might be suitable for use with
participants' own students. Ask:

What similar activities might you use with your students?

What ideas, problems and activities might engage them?

Would you modify the activities?

How?
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B2.2 Investigating pi

Brief description
Participants measure pi and look at it in a historical context.
Rationale/aims

This session allows the participants to work out that there is a constant relationship between
circumference and diameter of a circle, and another relationship between radius and area.
They are encouraged to think about the nature of pi, and to look at how ideas about it have
evolved over time.

Preparation Materials needed

Presenter Concrete materials

Read Squaring the circle: shapes [AS18]:

Putting God back in math [P4] one set per pair of participants

Prepare sets of shapes for Squaring the five or six circular objects, with
circle: shapes [AS18]—at least one widely different diameters in case
set per pair. the objects that the participants

bring do not span a wide range

Participants books on the history of maths

Bring a circular object (including pi) including:

The Old Testament, Hogben

Time: 2 hours (1936), Pappas (1986; 1991),
Joseph (1991)

compass and pencil

Handouts

Squaring the circle [HO13]

Putting God back in math [P4]

Pi in history [HO14]

OHTs/paper

Pi in the sky? [OHT2]

© NSDC/Commonwealth of Australia 1995




|

‘Adiilt Numeracy ;Teaching % . 00

- B:Mathsias ahuman consiric
B2.2 Investigating pi

Detailed procedure

This section begins with a whole Group activity, followed by activities and discussions for
small groups and a whole Group concluding report.

—  Tins and circular objects (30 min)
-  Squaring the circle (30 min)
—  Pi in history (1 hour)

Tins and circular objects

1 Working in pairs, using coloured paper streamers, get participants to measure around the
circular objects they have brought, cutting a strip of paper to fit. Check that they know this
part of the circle is called the circumference (Latin circum-ference: containing around).

2 Get them to measure across the object at its widest part, and cut another strip of paper to
fit. Check that they know that this part of the circle is called the diameter (Greek dia-meter:
measurement through). Ask how they would define radius (Latin radius: a ray).

3 Ask participants to work out how many times the small strip fits into the longer one.
Get them to find an approximate answer first and then a more precise one.

4  Then get participants to glue or fix their strips on the horizontal axis of a graph you have
prepared. If some strips are too long, discuss ways of coping with the information.

circumference

diameter D@ list on the board.

5  Ask participants to write their results for
6  Discuss the results:
—  the popularity of this number which is just a bit more than 3
-~ and how the tops of the strips line up (more or less) along a diagonal straight line.
If there are contrary results, try to get the participants to initiate an investigation.

Squaring the circle

1  Hand out one set of shapes accompanying Squaring the circle [HO13] to each pair.
Ask participants to arrange the shapes in order of area.
Discuss definitions of area and whether the order was obvious.
The triangle and/or parallelogram often seem bigger than the square, possibly because
they are more spread out, have longer edges (perimeter—back to boundaries!) and the
square is more compact, with shorter edges.
These pieces are a good introduction to concepts of area, but should be accompanied by
discussion of the nature of length, area and volume:
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length is the answer to the question ‘how far?”
area is the answer to the question ‘how much to cover?’
—  volume is the answer to the question ‘how much to fill?’
A connection can be made here to ‘tessellating pieces’ as the units of area.

Hand out and introduce the worksheet Squaring the circle [HO13].

Get participants to work in pairs while you circulate: asking questions, commenting on
the ‘approximately 3' that will emerge, eliciting creative ways of finding closer
approximations, and encouraging participants to venture on and expand 'the detour'.

In Group discussion elicit the fact that the side of the small square is equal to the radius of
the circle (R), so its area is RXR, or R2 So, the area of the circle is between 2R2 and 4R2
or ‘round about’ 3R2,

Talk about this 'approximately 3' and x. Make connections with the ‘just over 3' result in
the previous activity.

The detour: With two other pieces (the larger triangles) these five pieces make the basis of
the tangram, a very old Chinese puzzle. The seven pieces are put together in a large
number of ways, challenging the player to unravel the designs.

Pi in history

1

Get participants to read and discuss in small groups Putting God back in math [P4].
In particular get them to look at the questions in Pi in the sky? [OHT2].

Discuss them in the whole Group.

Hand out Pi in history [HO14] and get the participants to choose, in groups of 2 or 3, one
or two questions they would like to spend half an hour or so pursuing. Try to make sure
they cover a range of questions. Make a range of resources available for immediate use.

In the last 20 minutes or so participants report back briefly on their investigations.

Points that may emerge are:

How could we find a more accurate measure? How, in fact, did pecple find pi?

v One way used by early Indian, Chinese and Greek mathematicians was to extend
this method, by inscribing and circumscribing regular polygons with more and
more sides, and making increasingly closer approximations.

There is a chart of methods and estimates of pi in Joseph (1991: 190).

The fascination with 'squaring the circle' (i.e. constructing a square whose area is
exactly equal to that of a circle with a given diameter using only a straightedge and a
compass) was resolved in 1882 when it was shown to be impossible.

Beliefs about pi were different at different times, and in different contexts.
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B3 Problem solving

B3.1 Problem solving ... problem posing

Brief description

Participants work together to solve a problem and analyse the tools they use to do so.

Rationale/aims

Often problem solving is seen as a gift, rather than a learnabie skill. In this session
participants work together to solve the weil-known handshake problem, and then analyse how
they have done this, in an effort to shake this belief. The analysis will provide them tools for
solving problems and for convincing their students that they too can learn to solve problems.

Preparation Materials needed
Presenter Randouts

Work through and become familiar with The handshake problem [HQO15]
The handshake problem [HO15). Problem solving: a summary [HO16)

Time: 1 hour
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B3.1 Problem solving ... problem posing

Detailed procedure

The handshake problem
1 Discuss the question: What is a problem?
Elicit points including the idea that a situation
—  isnota problem if you already know the answer or if you are not interested in
finding the answer, and
is only a problem if there is some sort of block between you and the answer, but
you have some interest in solving it.

Pose the handshake problem and get participants in small groups to spend some time
trying to solve it. Your task is to circulate amongst the groups, acknowledging strategies,
and through questions and suggesting moves when the group is stuck.

Encourage simplifying the problem, modelling, acting, drawing, organising information.

When most groups have some answer, choose, if possible, representatives to explain the
different ways they went about it. Use points from The handshake problem [HO15] to
extend strategies that were ignored or insurficiently developed.
Not all the points need to be made, but it would be useful to include:
- the two quite different solutions, and how they generate a new result:

‘the sum of the first » numbers is ...’
- some use of algebra.

Allow time for participants to tell the strategies they used at different points of the process:
—  to get started, to solve it, and to concClude.
These should include:
- reading the problem carefully
- acting it out....
- drawing a diagram...
starting with a simpler case...
working systematically to consider all possibilities
changing your focus; look at the problem a different way
using a table, organise the information
-  looking for patterns
- extending the example—as underlined in The handshake problem [HO13).
In conclusion, hand out:
The handshake problem [HO15) and Problem solving: a summary [HO16]. .

© NSDC/Commonwealth of Australia 1995




Adult Numetacy Teaching -« "¢l o Br-Maths as a‘human consirustion

@ B3.2 Effects of scale and shape

= Brief description
_.' Participants use problem solving strategies to investigate effects of scale and shape. .
i Rationale/aims
~ Participants will be able to engage in a number of mathematical activities which involve
g modelling situations from the everyday world. In these activities relating area and/or. volume
= to shape and scale, participants will use problem solving strategies to investigate a
- mathematical problem in some depth and to explore the implications of their findings for the
original context.
= Time: 2 hours Materials needed
6 Concrete materials
centicubes
= Handouts
The tale of the polyploid horse [P5]
Why do babies dehydrate faster than
- adults in summer? [HO17]
- Why do chips fry faster than potatoes?
[HO18]
= Floating or drowning [HO19]
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B3.2 Effects of scale and shape

Detailed procedure

This section consists of a number of activities, mostly done in pairs or small groups, linked
together with Group discussion and reflection.

- Why do babies dehydrate faster than adults in summer? (1 hour)

—~  Looking at boundaries in 3-